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SURGICAL FORUM 


This issue of the JouRNAL or THORACIC SuRGERY is devoted to the fifteen 
papers constituting the Forum. It is expected that every year at about this 
time a whole issue of the JoURNAL will be given up to a similar group of papers 
with their discussions. The idea of a Surgical Forum was put into practice 
more than a decade ago with the American College of Surgeons at the instiga- 
tion of Dr. Owen Wangensteen. The original conception was that it should 
constitute an opportunity for young men, perhaps even too young to qualify 
for fellowship in the College, to present the results of their original researches 
on underlying scientific aspects of surgery. From the beginning the Forum 
has been a great success and unquestionably it has inspired much high grade 
investigation of surgical problems. 

The idea of the Forum has been taken over by other societies. This is 
the first year that the American Association for Thoracic Surgery has tried 


the experiment. 
THe Eprror. 
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Original Communications 


USE OF THE ENDOTRACHEAL TUBE IN PULMONARY EDEMA 


Warts R. Wess, M.D. (By INVITATION), SANATORIUM, MIss., AND 
Guy D. CAMPBELL, M.D. (By INVITATION), NEw ORLEANS, La. 


ULMONARY edema occurring during or immediately following operations 

has been infrequently described; yet sporadic reports* ** indicate that it 

is not rare. As we have personally seen seven cases, three elsewhere and four 

. during the past eighteen months at the Mississippi State Sanatorium, we feel 

that it represents a greater problem than is evident at first inspection. The 

first three patients treated by conventional medical measures died. In the 

four patients treated by the method described below it was possible to clear 
_completely the pulmonary edema; three recovered fully. 

Regardless of the etiology of the pulmonary edema—whether cardiac, 
anoxic, or toxic—one common factor, partial or complete obstruction by the 
edema fluid, quickly develops. If these patients die, it is usually by drowning. 

Yet nearly all reported medical regimens overlook the important possibility 
of mechanically removing the edema fluid. Ordinarily, its removal is de- 
pendent upon the cough of the patient, which is rarely effective, and upon 
lymphatic absorption. Lymph flow is relatively slow even at best, while the 
high protein content of the edema fluid® prevents its capillary reabsorption. 

As a result of the ensuing bronchial obstruction, there develops a variable 
degree of anoxia. Anoxia causes both pulmonary-artery hypertension”? and 
capillary dilatation” ? leading to congestion, stasis, mucosal edema, and 
further transudation of edema fluid with increased obstruction and greater 
anoxia. It is extremely important to interrupt this cycle at some point, and 
the mechanical removal of the accumulating transudate, appears to be the 
most feasible and rewarding. 

The method we have used consists of a utilization of demonstrated prin- 
ciples and existing equipment. An endotracheal tube with an inflatable 
cuff is inserted into the trachea with the patient still asleep or under local 
anesthesia if he is awake. Oxygen is administered under a positive pressure 
of 5 or 6 em. of water.*> Brief periods of suction through the endotracheal 
catheter with a smaller urethral catheter are repeated as frequently as may 
be necessary. We have at times had to suction a patient as often as once 
each minute and found that, with a little practice, it is quite possible to dis- 
continue the positive pressure oxygen for only about five seconds during each 
aspiration. In addition, all the usual adjunctive measures have been used 
including intravenous digitalis and aminophyllin, restriction of fluids, mercurial 
diuretics, rotating tourniquets on the extremities, and actual phlebotomies. 


From the Mississippi State Sanatorium, Sanatorium, Miss. 
Read at the Thirty-fourth Annual Meeting of The American Association for Thoracic 
Surgery at Montreal, Quebec, May 3 to 5, 1954. 


222 


WEBB AND CAMPBELL: ENDOTRACHEAL TUBE IN PULMONARY EDEMA 223 


CASE REPORTS 


CasE 1.—N. F. M., a 17-year-old white woman, was admitted on Oct. 27, 1952, with an 
eight-year history of universal bronchiectasis of the left lung following aspiration of a piece 
of coconut. The laboratory data, including the electrocardiogram, were all normal. The 
preoperative sputum was reduced to almost nothing by antibiotic therapy. On Nov. 3, 1952, 
a left pneumonectomy was performed requiring two and one-half hours. The lung was 
extremely adherent and was freed with great difficulty. The blood loss was rather marked 
and 2,150 ¢.c. of citrated whole blood was administered intravenously. Extremely profuse 
secretions required frequent tracheal aspirations to keep the airway clear, and undoubtedly 
periods of anoxia occurred. Approximately one and one-half hours after the incision, 
frothy pink fluid was noted flowing from the endotracheal tube in such quantities as to 
require almost constant aspiration. Postoperatively, the patient was aspirated almost 
every minute for over an hour, every two to three minutes for the next two hours, and then 
at five- to ten-minute intervals until the endotracheal tube was removed seven hours after 
the operation. The patient in addition received Cedilanid and aminophylline intravenously 
and Mercuhydrin intramuscularly, and continuous positive pressure oxygen. Rotating 
tourniquets were used on the extremities. The postoperative electrocardiogram showed a supra- 
ventricular tachycardia and diffuse ischemia. The blood counts on the first postoperative 
day showed 4.9 million red blood cells with 98 per cent hemoglobin. The postoperative 
course was uncomplicated except for a low-grade fever that gradually subsided. The 
patient remains in excellent health and is completely asymptomatic. 


COMMENT 


While cardiac failure may have been partially responsible, it is believed that 
anoxia from the pulmonary secretions obstructing the airway was the prime 


cause of the pulmonary edema here. In addition, the marked reduction in the 
pulmonary eapillary bed by the pneumonectomy,” *° the administration of in- 
travenous fluids, and the anoxia all tend to produce pulmonary hypertension. 
This patient was aspirated approximately one hundred and fifty times with an 
estimated 5 ¢.c. of fluid and a larger quantity of froth being obtained each time 
during the early period. The importance of this quantity of fluid is magnified, 
of course, in the patient with only one lung. 


Case 2.—R. R., a 13-year-old white girl, was admitted Nov. 24, 1952, for universal 
bronchiectasis of the left lung. The electrocardiogram revealed myocardial damage with 
anterolateral ischemia. A marked anemia was corrected with two preoperative transfusions 
of 500 c.c. each, the last being given one week prior to operation. The preoperative prepara- 
tion reduced the sputum to almost nothing. On Dec. 15, 1952, a left pneumonectomy re- 
quiring over four hours was performed. Dense adhesions and many enlarged lymph nodes 
made the dissection tedious and bloody, and 2,000 c.c. of citrated whole blood was given 
during the operation. Shortly after the incision, the endotracheal tube became obstructed 
by the cuff, and it was necessary to reintubate the patient with a new tube. During the 
entire procedure secretions were extremely troublesome. One hour before completion of 
the operation pulmonary edema fluid was noted in the endotracheal tube. Continuous 
positive pressure oxygen was started as well as intravenous Cedilanid and aminophylline, 
intramuscular Mercuhydrin and rotating cuffs on the extremities. Aspirations were per- 
formed every two to three minutes until the completion of the procedure and every three 
to five minutes for the next two hours. Subsequently very little moisture was noted, and 
aspirations were infrequent until the tube was removed fourteen hours later. An electro- 
cardiogram the afternoon of surgery again showed definite evidence of myocardial disease 
and delayed intraventricular conduction. Two weeks later the electrocardiogram had 
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improved to within normal limits. Blood counts on the first postoperative day showed 
4.76 million red blood cells with 84 per cent hemoglobin. The postoperative course was 
uncomplicated thenceforward and the patient remains completely asymptomatic. 


COMMENT 


In this ease there was evidence of pre-existing cardiac disease, but the 
precipitating factor appears to have been the anoxia secondary to pulmonary 
secretions and the partially obstructed endotracheal tube. The response to 
treatment was rapid, and only about 55 aspirations were required postopera- 
tively before the pulmonary edema was controlled. Even so this removed an 
estimated 250 ¢.e. of fluid from a child weighing only 30 kilograms and having 
only one lung. 


Case 3.—-M. R., a 23-year-old white woman, had residual nodular and bronchiectatie 
tuberculous disease of the entire left lung after long-term antibiotic therapy. All the labora- 
tory data were normal except for a marked anemia which was corrected with 1,000 c.c. of 
citrated whole blood given one week prior to operation. 

On Aug. 13, 1953, a left pneumonectomy and nine-rib plombage thoracoplasty were per- 
formed. The operation took approximately three hours, and 2,750 e¢.c. of citrated whole 
blood was given during the procedure. No abnormalities were noted until the patient was 
extubated. Then frothy, pink fluid was observed and the chest developed moist, inspiratory 
rales. A nasotracheal tube with an inflatable cuff was inserted and oxygen at a positive 
pressure of 5 em. of water was started. Mercuhydrin was given intramuscularly, and 
Cedilanid and aminophylline intravenously. Tourniquets were rotated on the extremities 
and 500 ec. of blood was withdrawn from an anticubital vein. For the first hour aspirations 
were required every two minutes, obtaining an estimated 5 ¢.c. each time. After this less 
fluid was obtained, and it was possible to remove the endotracheal tube five hours after the 
completion of the operation. On the first postoperative day, blood counts revealed 4.43 
million red cells and 98 per cent hemoglobin. The postoperative course thenceforward was 
completely benign. The right lung remained stable and the patient was discharged with 
negative sputum studies. 


COMMENT 


The etiology of the pulmonary edema is not certain in this case. No anoxia 
was recognized at any time. The blood replacement was apparently in excess of 
blood loss, and may have caused pulmonary hypertension. The patient’s 
response was immediate, and less than 50 aspirations were required to obtain 
clinical clearing of the lungs. 


CasE 4.—W. H. C., a 42-year-old white woman, was passed for a left pneumonectomy 
because of extensive tuberculous bronchiectasis. All laboratory data were normal except for 
an anemia, which was corrected with 1,000 c.c. of citrated whole blood, the last pint being 
given three days prior to operation. Preoperatively the patient denied all cough and sputa. 

On Aug. 24, 1953, a left pneumonectomy requiring two and one-half hours was per- 
formed. Mobilization of the lung was difficult because of thick vascular adhesions; 2,250 c.c. 
of citrated whole blood was given intravenously. During the early dissection, profuse purulent 
secretions mixed with blood poured into the trachea, requiring very frequent aspirations. The 
bronchus was clamped as soon as possible, one hour after the incision. The pulmonary 
artery was occluded two or three minutes thereafter. No further difficulty was noted until 
the completion of the procedure when the aspirated fluid appeared thin, frothy, and pink; 
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and inspiratory rales were noted in the remaining lung. The patient was immediately 
digitalized and given Mercuhydrin. Rotating tourniquets were applied to the extremities. 
Positive pressure oxygen was started with aspirations being performed every two or three 
minutes for the next several hours. Over 80 aspirations were performed during the first four 
hours with rather large amounts of fluid being obtained during the entire period. Six hours 
after the operation, when the pulmonary edema was slowly subsiding but not as rapidly as 
was believed desirable, 400 ¢.c. of blood was withdrawn from the anticubital vein. At this 
point the blood pressure fell precipitously, and it was necessary to add norepinephrine to 
an infusion to maintain the blood pressure. Bronchial aspirations were performed there- 
after at infrequent intervals as the pulmonary edema appeared to have subsided. Blood 
counts on the first postoperative day revealed 4.5 million red blood cells and 82 per cent 
hemoglobin. 

The postoperative course was marked by high fever and an unstable blood pressure 
which required increasingly larger amounts of norepinephrine to prevent hypotension. The 
patient’s condition became progressively poorer and she died on the third postoperative day. 


COMMENT 


Again anoxia appeared to play the dominant role in the precipitation of 
the pulmonary edema. No eardiae damage was detectable, and the blood 
administration probably did not exceed blood loss. A serious error was made in 
reducing the blood volume by phlebotomy after the patient had begun to im- 
prove, even though that improvement was slow. 


DISCUSSION 


As early as 1880, MacEwen" described the use of endotracheal tubes as 
being preferable at times to a tracheotomy. Kuhn,’ in 1912, described the use 
of the wide-bore endotracheal tube as an avenue for suction with a small-bore 


catheter. Since then others’ have deseribed and utilized modifications 
of this method with great success in the removal of postoperative or post- 
traumatic secretions from the tracheobronchial tree. Others” © 1 1% ™ have 
called attention to the extreme importance of mechanically removing various 
foreign materials such as secretions, blood, pus, or aspirated matter from the 
tracheobronchial tree by the simple aspirating catheter, the bronchoseope or a 
tracheotomy. 

Almost nothing, however, has been written on the utilization of this method 
in pulmonary edema. In fact, of the many experimental and clinical papers on 
pulmonary edema, very few even mention the possibility of treatment by 
mechanically removing the fluid. Waud and Horner®> produced pulmonary 
edema in dogs with phosgene gas and did find improved results in those which 
were treated by constant suction through a tracheotomy. A tracheotomy for 
removal of secretions is, of course, extremely effective. It is, however, neither as 
quick nor as simple as the insertion of a nasal or an oral endotracheal tube and 
in order to provide positive pressure oxygen some mechanical device such as the 
cuffed tube still must be utilized, though its insertion through the tracheotomy 
is extremely simple. 

With the endotracheal tube, positive pressure oxygen can be given almost 
continuously, and with a little practice, the period required for each endo- 
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tracheal aspiration becomes extremely brief. The positive pressure oxygen, as 
has been pointed out,* * 7° is of itself of great value. The oxygen under pressure 
combats bronchospasm and mucosal edema as well as directly increasing the 
intra-alveolar pressure which helps prevent transudation of fluid from the 
capillaries into the interstitial tissues and air passages of the lungs. In addition, 
the increased pressure retards pulmonary blood flow, thereby reducing the 
pulmonary capillary blood pressure. 

It has been amply demonstrated that the endotracheal tube can be left 
in place for a period of days without causing great tracheal or laryngeal 
damage.'* ?° It is our preference, if the tube is to remain in place longer than 
forty-eight hours, to perform a tracheotomy which is much more satisfactory for 
removing the crusted secretions that inevitably seem to form. 

The adjunctive measures that have been used have been of presumptive but 
unproved value in these cases where no definite cardiac failure could be demon- 
strated. Digitalization, however, in pulmonary edema caused by phosgene 
_ poisoning, has been shown to augment the heartbeat, clear up the irregularities, 

and keep the heart beating after respiratory failure in contrast to the un- 
digitalized heart.*° At the time of an acute episode as described above, one may 
be unable to rule out the possibility of eardiae failure and so use all the methods 
of treatment effective for all contingencies. 

Mercurial diuretics probably do not act fast enough to help in these eases. 
There is some doubt that their action is at all marked in the immediate post- 
operative period when kidney function is depressed by the anesthetic and hor- 
monal factors. 

Ethyl aleohol vapor, as described by Luisada,!* may be a further adjunct 
of great value. Any transudate in the air passages forms a froth as it is mixed 
with the mucus by the respiratory eddy currents. This froth assumes a volume 
many times that of the original water and mucus with a much greater obstruc- 
tive potential. The aspirating catheter does not remove all of the fluid at any 
one time and then only that in the trachea and larger bronchi. Alcohol vapor, 
by lowering surface tension, can prevent froth formation in the smaller 
bronchioles and alveoli and thus aid in averting subsequent anoxia. 

Drugs, such as hexamethonium, which act by reducing the peripheral 
arteriolar resistance, have been found effective in the treatment of pulmonary 
edema from congestive left-heart failure.?® Their use in surgical patients, how- 
ever, will have to be carefully evaluated because of the associated tendency to 
lower the blood pressure. 

Should shock be superimposed, as is prone to happen, the problem becomes 
much more complex. Two of the early cases (not reported here) died of shock 
while being treated for pulmonary edema. Many of the measures’ beneficial 
for one are deleterious to the other, as for example, the positive pressure oxygen 
and the reduced blood volume from phlebotomy may be instrumental in 
precipitating or aggravating shock in an unstable vascular system. This was 
graphically demonstrated in our fourth ease. In this situation of combined 
pulmonary edema and shock, a mechanical heart-lung preparation well might 


ike 


WEBB AND CAMPBELL: ENDOTRACHEAL TUBE IN PULMONARY EDEMA 227 


be lifesaving. These patients can usually be kept alive until the necessary 
attachments can be made into extrathoracic arteries and veins. Such an 
episode is often acute with an early favorable response to be anticipated. 
Similarly, a good ultimate prognosis may be expected if there be no marked 
underlying cardiac disease or if pre-existing valvular disease had been cor- 
rected at operation. 

While we have not had occasion to utilize the endotracheal tube on non- 
surgical patients in pulmonary edema, as from cardiac failure, we do feel 
that the problems offered are very similar and hardly more complex than those 
offered by a pneumonectomized patient. As the necessary equipment is 
readily available in nearly every hospital, and the intubation can be quickly 
accomplished under local anesthesia, there is no significant reason why this 
method should not be utilized successfully in the cardiae patient in severe 
acute pulmonary edema. Obviously it is not necessary or desirable in all. 


SUMMARY 


1. As the lethal factor in pulmonary edema is usually the accumulating 
fluid itself, we have utilized the in-dwelling endotracheal tube as an avenue for 
aspirating this fluid and for providing oxygen under constant positive pressure. 

2. This method has been proved successful under the most trying cireum- 
stances by clearing the pulmonary edema which developed in four patients 
during or immediately following pneumonectomy. 


3. Adjunctive measures are evaluated as to their probable aid and possible 
dangers. 

4, Shock as a frequent complication of the treatment of pulmonary edema 
is briefly discussed. 

5. The method described should have applicability in most cases of pul- 
monary edema irrespective of the medical or surgical etiology. 
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A SIMPLE SHUNTING TECHNIQUE FOR SURGERY OF THE AORTIC 
AND PULMONARY VALVES AND PROXIMAL GREAT VESSELS 


AN EXPERIMENTAL STUDY 


FREDERICK S. Cross, M.D. (BY INVITATION), EARLE B. Kay, M.D., AND 
Ricuarp D. Jones, B.A. 
CLEVELAND, OHIO 


HE DEVELOPMENT of hypothermia and mechanical pump-oxygenators 

has progressed to the point where successful clinical trials are being reported 
in increasing numbers. Yet there are limitations of applicability inherent in 
both of these adjuncts to cardiae surgery which suggest that other techniques 
should still be investigated. 

It has been the purpose of this study to develop and evaluate plastic shunts 
to by-pass the circulation around the aortie and pulmonary valves and proximal 
great vessels in order to provide a simple method to approach these valves in a 


dry field, and primarily to carry out surgery on the great vessels at the base of 
the heart. 


The use of shunts to by-pass isolated segments of the aorta is not new, 
having been described in 1910 by Carrel,’ and more recently by Clatworthy and 
Varco,” Shaffer and Hardin,® and by Hubay and associates.° However, previous 
investigators have done very little on shunting directly from the heart to the 
aorta and pulmonary artery. Carrel, in 1910, mentioned several experiments 
in which he shunted blood from the left ventricle to the aorta successfully for 
short periods of time in several dogs. His mortality, however, was prohibitively 
high. In addition, Donovan and associates* have reported a satisfactory method 
for permanent shunting from the right ventricle to the pulmonary artery. To 
our knowledge, procedures in which simultaneous shunting of both sides of the 
circulation is carried out have not been reported. 


DESCRIPTION OF SHUNTS 


In the course of developing the final design of the present shunts, rather 
rigid criteria of acceptability were set up which included adequate diameter 
for sufficient volume of blood flow, easy and essentially foolproof insertability, 
and a design such that the surgical accessibility of the structures at the base 
of the heart is not compromised. 


From the Surgical Research Laboratories, St. Luke’s Hospital, Cleveland, Ohio. 

Partially supported by Research Grant-in-Aid, Cleveland Area Heart Society. 

Read at the Thirty-fourth Annual Meeting of The American Association for Thoracic 
Surgery at Montreal, Quebec, May 3 to 5, 1954. 
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These criteria were met by the shunts illustrated in Figs. 1 and 2. They 
are constructed of Tygon plastic molded over glass tubing of the desired shape, 
in a hot water bath. A single leaflet type valve is constructed into the shunt to 
take the place of the aortic and pulmonic valves in preventing regurgitation of 
blood back into the ventricles. These valves are made of silicone rubber, and are 
held in place with vinyl] electrical tape. Since it is impossible to insert the 
Tygon tubing directly into the aorta and pulmonary artery in a satisfactory 
manner, flanged stainless steel T-adaptors (Fig. 1) are used in which the com- 


Fig. 1.—Semidiagrammatic drawing of shunts in place. Note the resulting surgical acces- 
sibility of the great vessels at the base of the heart. Insert shows special adaptor for insertion 
into aorta and pulmonary artery. 
bined cross-sectional area of the two outlet arms is equal.to the cross-sectional 
area of the inlet stem. Through the incorporation of this principle, the blood 
flow through the adaptors is not cut down, the adaptors are easily inserted, and 
an output flow in two directions from the point of insertion is provided per- 
mitting better distribution of blood. 

The right-sided shunt is essentially C-shaped to permit it to swing down 
toward the apex of the heart and away from the operating area at the base. 
The left-sided shunt is in the form of a rather complicated loop which allows 
easy adaptability to the short and varying distance between aorta and the left 
atrial appendage into which it is inserted. The ventricular ends of the shunts 
are tapered, and have multiple perforations to minimize the possibility of com- 
plete occlusion by apposition to the ventricular walls. 


METHOD 


In healthy mongrel dogs under Nembutal anesthesia, the left chest is entered 
through the fifth interspace, respirations being maintained by means of a 
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Bureau of Mines Neophore valve connected to a tank of 100 per cent oxygen. 
The pericardium is incised parallel to the phrenic nerve from above the aortic 
arch to the apex of the heart. Retention sutures of 3-0 silk are placed to re- 
tract the pericardium and are anchored along the sternal edge of the incision. 
The pulmonary artery and ascending aorta are dissected out and stripped of 
fat and pericardium. The descending aorta for a distance of about 4 em. be- 
low the left innominate is likewise dissected up. The left pulmonary artery is 
then isolated from the bifureation to the point where it disappears into the left 
lower lobe as the lower lobe artery. The segmental arteries to the left upper 
lobe are occluded with 2-0 silk sutures looped, but not tied, for temporary oc- 
clusion. Purse-string sutures of 0 silk on an Atraumatie needle are placed in 
the infundibular area of the right ventricle and about the base of the left 
auricular appendage, and affixed to Rummel tourniquets for securing the 
proximal ends of the shunts in the ventricles. 


RT. SHUNT LT. SHUNT 


Fig. 2.—Photograph of Tygon shunts used. The black area is vinyl electrical tape used in 
securing the valves. The tubing is coated with silicone grease to prevent clotting. 


Early in the study, the left-sided shunts were placed directly into the left 
ventricle; however, such factors as excessive hemorrhage, difficulty of insertion, 
ventricular fibrillation, and a high incidence of coronary air embolism, precluded 
this as a satisfactory approach. Therefore, the approach to the left ventricle 
through the left auricular appendage is now utilized, which has obviated all the 
previous difficulties. There appears to be no significant obstruction caused by 
the shunt passing through the mitral valve, and the pliable valve leaflets close 
satisfactorily about the shunt to prevent regurgitation. 

For purely technical reasons the right shunt is inserted first. The segment 
of the left pulmonary artery previously isolated is occluded at both extremes 
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by Potts ductus clamps and a longitudinal incision made. The T-adaptor of 
the right-sided shunt is inserted into the artery and held in place by 2-0 silk 
ligatures around the limbs of the T. By this method the pulmonary circulation 
to the right lung is never occluded during the insertion. An incision is then 
made within the area of the purse-string suture in the right ventricle which is 
enlarged by finger insertion. As the finger is withdrawn, the tapered end of the 
right shunt is slipped easily into the ventricle and the purse string tightened 
with a minimal blood loss. 

The left shunt is inserted in essentially the same manner between the left 
ventricle, via the left atrial appendage, and the descending aorta. During the 
insertion, the aorta is occluded for an average of five minutes, which is well 
> within the safe period determined by Gross and Hufnagel.‘ 

After placement of the shunts, the heart is allowed to stabilize, and any 
blood loss is replaced before the proximal great vessels are cross-clamped to 
divert the full circulation through the shunts. With the shunts working, ob- 

servations were made on changes in heart size, rate, rhythm, and in some 
instances changes in intraventricular, aortic, and pulmonary artery pressures 
were measured by means of a Statham strain gauge and Keithley amplifier to 
test the efficacy of the shunts. In addition, survival experiments were carried 
out after total occlusion of the great vessels at the base of the heart for periods 
of from 30 to 70 minutes. 


RESULTS 


Twenty-six dogs have been shunted successfully for periods ranging from 
30 to 80 minutes. Of these, 16 dogs were acute experiments in which no attempt 
was made to save the dog. The other 10 dogs were in the category of survival 
experiments. In these dogs the shunts were removed after carrying the full 
cireulation for periods of 30 to 70 minutes and the animals were allowed to 
recover. Of these 10 dogs, 9 showed complete recovery with no apparent 
residual effects from the operation such as hind limb paralysis or cerebral 
manifestations during follow-up periods ranging from one week to several 
months. One dog died in about twelve hours of unexplained causes. 

No significant changes in the hearts themselves were observed during the 
time the shunts were carrying the full cardiae output. In most instances there 
were varying degrees of dilatation apparent immediately after the great vessels 
were cross-clamped which subsided to near normal as the circulatory dynamics 
readjusted. No consistent change in the cardiac rate or rhythm could be 
detected. 

The plastic tubing finally adopted in this series of experiments measured 
4, inch or 8 mm. inside diameter. Shunts of this size were found to be the 
most consistently satisfactory in the 25- to 35-pound dogs used. In dogs under 
25 pounds, it was difficult to insert the shunts because of the small size of the 
left pulmonary artery and the left atrial appendage; whereas, in dogs over 35 
pounds the shunts were often of insufficient size to carry the load. The inside 
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diameter of the aorta and pulmonary artery in dogs of this weight range was 
from 12 to 20 mm. From these observations, it was felt that the optimum ratio 
of vessel size to shunt size was about 2:1. 

Preliminary studies show that the decreased cross-sectional area of the 
shunts as compared to the pulmonary artery and aorta is reflected in a rise in 
pressures recorded in the right and left ventricles, especially in larger dogs, 
after the pulmonary artery and aorta are cross-clamped. In smaller dogs, this 
rise is not so apparent because the shunts more nearly equal the size of the great 
vessels. The systemic arterial pressure is maintained at adequate levels by this 
compensatory rise in intraventricular pressure. 


DISCUSSION 


It is felt that this external shunting procedure affords a simple approach 
to surgery on the vessels at the base of the heart in which these vessels have to be 
cross-clamped for varying periods of time. It was originally developed as a 
by-pass circulation to be used during retransposition of the great vessels in cases 
of congenital transposition. The feasibility of this approach to the problem 
of transposition of the great vessels from a purely technical standpoint has been 
well demonstrated not only in dogs in which it is anatomically easy to cross- 
anastomose the proximal aorta to the distal pulmonary artery, and the 
proximal pulmonary artery to the distal aorta, with the shunts operating ; but 
also in post-mortem dissections of cases of transposition. The physiologic 
effects of the proposed operation in clinical cases remains to be seen. 

In addition, it has been possible to expose the pulmonary valve with a 
shunt in place, carrying the right cardiac output. The pulmonary artery is 
dissected free to the base of the heart, and a curved Potts ductus clamp placed 
across it in this area, carefully avoiding the left coronary artery. A second 
clamp is placed distally just proximal to the right pulmonary artery. The 
isolated segment of the main pulmonary trunk can then be opened to expose 
the pulmonary valve to direct vision, thus suggesting a use in correcting pul- 
monary valvular stenosis. 

With a left-sided shunt in place carrying the systemic circulation, it has 
been possible in dogs to control hemorrhage satisfactorily while approaching 
the aortic valve in a retrograde manner. This same technique might be used 
in resecting difficult aneurysms of the ascending aorta. 

Attempts to use the shunts have been made in two cases of transposition 
of the great vessels in children: one 214 years old, the other 214 months, both 
desperate surgical risks. In both, unfortunately, the hearts failed before the 
shunts could be tested. However, it could be ascertained that adaptation to 
human beings was satisfactory and that insertion was as easy as in the experi- 
mental animal. 


SUMMARY 


1. External plastic shunts have been described to by-pass the circulation 
around the aortie and pulmonic valves and the proximal great vessels. 
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2. The ability of these shunts to carry the entire cardiac output for periods 
of 30 to 80 minutes has been demonstrated. 
3. Certain clinical applications of such shunts are suggested. 
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DISCUSSION 

DR. T. J. DONOVAN, Boston, Mass.—In 1951 we presented results of over 60 
extracardiac shunts from the right ventricle to the distal pulmonary artery. It was 
possible in this series of experiments to ligate the main pulmonary artery and divert the 
entire cardiac output through this extracardiac shunt from the right ventricle to the 
distal main pulmonary artery. The postoperative duration at that time was a year or 
more, and these dogs had patent shunts and were healthy and well. We now have a three 
and one-half year follow-up on these animals; they are still well, as measured by tread- 
mill runs, pressure studies, and other indicator systems. The intracardiac portion of the 
shunt is a plastic tube, and the extracardiae portion an homologous vessel graft ligated to 
the epicardial end of the tube and sutured end-to-side to the main pulmonary artery just 
distal to the ligature. The absence of a valve in these shunts seems to cause no significant 
cardiovascular deficit. Apparently the valve in the right ventricular outflow tract is not 
entirely necessary under these conditions. 

In the left ventricular shunts, however, a valve is necessary. There was presented at 
that time the use of a lucite ball-valve inserted in the apex of the left ventricle to the 
distal end of which an aortic homograft was affixed and sutured end-to-side to the 
descending thoracic aorta. With this apical-aortic anastomosis and proximal occlusion of 
the thoracic aorta, the dogs lived for a maximum of six weeks, but the ball-valve wore 
out at that time. A new ball-valve was designed and, of course, has much better wearing 
qualities. Using this apical-aortic anastomosis, it is now possible to divert the entire 
cardiac output except the coronary circulation through this extracardiac shunt. These 
studies have been done by Dr. Stanley J. Sarnoff and myself, and will be published 
shortly. 

The shunt from the right ventricle to the distal pulmonary artery and the apical- 
aortic anastomosis have relevance to the problems of congenital cardiac cyanosis and 
aortic valvular disease. Since one can provide an avenue of egress from the blocked 
cardiac chamber, it is possible to correct the surgical defect definitively without the direct 
approach on the valves to which many cases are refractory. 
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THE CLOSURE OF INTERVENTRICULAR SEPTAL DEFECTS IN 
DOGS DURING OPEN CARDIOTOMY WITH THE MAINTENANCE 
OF THE CARDIORESPIRATORY FUNCTIONS BY 
A PUMP-OXYGENATOR 


JoHN H. Gipson, JR., M.D., BERNARD J. MILLER, M.D. (BY INVITATION), 
ANTHONY R. DoBE.LL, M.D. (By INvITATION), HANs C. ENGELL, M.D. 
(BY INVITATION), AND GEorGE B. Vorat, M.D. (By INVITATION) 
PHILADELPHIA, PA. 


HIS communication describes our experience in the closure under direct 
vision of previously produced high interventricular septal defects with the 
assistance of an extracorporeal pump-oxygenator circuit. 


THE EXTRACORPOREAL APPARATUS 


Detour of blood about the heart and lungs was accomplished by means of the extra- 
corporeal pump-oxygenator previously described.2 Systemic venous blood was withdrawn 
to the apparatus through cannulae placed within the superior and inferior venae cavae, 
and oxygenated blood was returned to the subject through a cannula placed within a 
femoral artery. Cardiac venous blood was aspirated directly from the open heart and 
led to a defoaming chamber from which the blood was pumped to the oxygenator. The 
defoaming chamber also received blood aspirated through a plastic (Tygon) tube introduced in- 
to the left ventricle through a stab wound at its apex. This tube, which has been previously 
described, effectively removed any air from the left ventricle and thereby prevented 
systemic air embolism. The apparatus was prepared in the manner previously reported.? 
Blood to fill the apparatus was taken from donor animals previously heparinized by an 
intravenous injection of 2.5 mg. of heparin per kilogram of body weight. The per- 
formance of the apparatus with regard to hemolysis and maintenance of blood pH and 
oxygen saturation may be determined from Table I. 


OPERATIVE TECHNIQUE 


Interventricular septal defects were produced in the manner described by Kay and 
associates! involving the application of a cork-borer 9 mm. in diameter against the right 
ventricular aspect of the septum. Exposure for this procedure was afforded by a left 
intercostal incision. Surviving dogs which retained a definite systolic murmur were al- 
lowed a period of 14 to 122 days of convalescence before repair of the defect was at- 
tempted. During this period the dogs appeared in good health with one exception. This 
animal was the only survivor of a group of five in which defects were created with a 12.7 
mm. diameter cork-borer. The dog scarcely rose to its feet during the 16-day period be- 
tween operations. Dyspnea was constantly present. Digitalis was required to control 
tachycardia and cardiac failure. Food intake was inadequate and a decubitus ulcer ap- 
peared over the left buttock. Interventricular defect repair in this animal was in the 
nature of an emergency procedure. 

A dog undergoing interventricular defect repair received an intramuscular injec- 
tion of 1 mg. of morphine sulfate per kilogram of body weight 30 minutes prior to the 
induction of anesthesia with a 2.5 per cent solution of Pentothal sodium. Supplementary 
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TABLE I 


BLOOD VALUES IN LATTER PART OF CAVAL OCCLUSION 
VENOUS ARTERIAL HEMOLYSIS TIME 
ARTERIAL OXYGEN OXYGEN MG. HB. CAVAE 


DOG HEMATOCRIT BLOOD SATURATION | SATURATION | PER 100 C.c. | OCCLUDED 
NO. (PER CENT) pH (PER CENT) | (PER CENT) PLASMA (MIN. ) 

0-558 37 7.47 Thad 99.8 49 34 
0-559 33 7.30 68.4 101.8 806 29 
0-560 43.5 7.35 70.8 97.0 189 28 
0-561 33 7.40 72.4 102.6 35 25 
0-562 34.5 7.45 81.7 106.0 49 37 
0-563 39 7.42 89.8 102.6 51 26 
0-564 37 7.24 66.1 94.2 — 47 26 
0-565 35 7.37 Tid 102.4 54 32 
0-566 44 Tol 74.2 95.5 110 66 
a 0-567 33 7.41 63.2 104.5 42 29 
0-568 46 7.22 38.6 — 96.2 79 44 
0-569 35 7.46 70.8 104.1 57 24 
0-570 30 7.27 84.7 103.0 85 29 
0-574 45 ao. 78.4 103.5 189 22 
0-577 39 7.34 67.4 101.0 50 33 
0-583 39 7.29 76.3 95.5 143 51 
0-587 40 7.40 52.0 96.1 85 42 
0-588 37 7.30 63.4 96.0 72 74 
0-590 44 7.18 68.1 89.1 93 53 
0-593 45 7.41 59.1 104.9 110 53 
Average 38 7.35 69.7 99.8 38 


injections of Pentothal were given as required to maintain a light plane of anesthesia. 
An endotracheal tube with an inflatable cuff was placed within the trachea and connected 
to a laboratory-type positive and negative pressure respirator. A foreleg vein was can- 
nulated for the introduction of intravenous fluids and drugs. 

The right pleural cavity was entered through the periosteal bed of the resected 
fourth or fifth rib. The superior and inferior venae cavae and the vena azygos major 
were isolated in preparation for cannulation. Heparin, 2.0 mg. per kg. of body weight, 
was then injected intravenously. Both femoral arteries were cannulated centripetaliy. 
One of these cannulae led to a mereury manometer where the arterial blood pressure 
could be observed; the other was employed for the return of oxgenated blood from the 
extracorporeal apparatus. Curved polyethylene or stainless steel cannulae were attached 
to the two blood-filled tubes leading to the apparatus. One cannula was inserted in a 
cephalad direction into the superior vena cava through the azygos vein. The pericardium 
was opened and the other cannula was passed into the inferior vena cava through the tip 
of the right auricular appendage. Removal of the clamps occluding the tubes leading 
from the cannulae permitted a portion of the venous return to flow to the extracorporeal 
apparatus where it was oxygenated and returned to the dog’s femoral artery. Ligatures 
placed about the venae cavae were then tied down on the contained cannulae thus diverting 
the entire systemic venous return through the apparatus. 

The pericardium, which was partially adherent as a result of the earlier operation, 
was dissected off the heart and the apex was delivered. A stab wound into the myo- 
cardium was made immediately posterior to the apex and the 5 mm. (O.D.) Tygon vent 
tube was introduced into the left ventricular cavity through this incision. 

A 4 to 5 em. incision was made between stay sutures in the right ventricle. It was 
made parallel to and within 15 mm. of the anterior descending branch of the left coro- 
nary artery and it was carried up close to the pulmonary valve. Transected coronary 
vessels were ligated. Cardiac venous blood was aspirated from the open chamber and 
returned to the apparatus. The defect was visualized and its size was either measured 
with calipers in two axes or estimated. The defects were rimmed with a thin band of 
fibrous tissue which held sutures satisfactorily. Closure of the defect was accomplished 
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with either interrupted mattress sutures or plain interrupted sutures of fine silk or cotton. 
Once a suture had been anchored in the rim of the defect the placing of subsequent su- 
tures was facilitated by retracting the septum with the first suture. The closure was con- 
tinued until complete. 

The ventricular incision was closed with a continuous everting mattress suture which 
penetrated the endocardium. The suture was oversewn with a continuous running suture. 
The vent tube was removed from the left ventricle and this incision was closed with a 
few interrupted sutures. The ligatures compressing the vena cava wall about the venous 
cannulae were removed, permitting the return of systemic venous blood to the right 
atrium. The tubes leading from the cannulae were then clamped, allowing the heart and 
lungs to resume their normal functions. The cannulae were then removed. An intra- 
venous drip of 2.5 mg. of protamine sulfate per kilogram of body weight in a 50 c.c. solu- 
tion was promptly started and run in over approximately a fifteen-minute period. Citrated 
blood was given thereafter as required to maintain a normal blood pressure. The thoracic 
incision was closed in layers about a drainage catheter which was removed when sero- 
sanguineous drainage had stopped, usually within three hours. 


RESULTS 


Interventricular septal defects were repaired in the manner described 
above in twenty dogs (Table Il). There were eight operative deaths. One 


TABLE II 


INTERVAL 
BETWEEN DURATION OF DEFECT SIZE DEFECT 
PRODUCTION LIFE AFTER AT SIZE AT 
DOG AND REPAIR DEFECT CAUSE OPERATION AUTOPSY 
NO. REPAIR OF DEATH (MM.) (MM.) 


0-558 Sacrificed 

0-559 A Pulmonary edema 

0-560 Sacrificed 

0-561 Hemothorax 

0-562 Sacrificed 

0-563 Sacrificed 

0-564 Sacrificed 

0-565 Sacrificed 

0-566 Fibrillation 

0-567 A Undetermined 

0-568 Sacrificed 

0-569 Sacrificed 

9-570 Sacrificed 

0-574 hr. Cardiac failure 

0-577 Sacrificed 

0-583 ¢ Sacrificed 

0-587 Sacrificed 

0-588 A Pulmonary stenosis 12 

0-590 Empyema 6 

0-593 Atelectasis 5 
8 


Average 


x 3 
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animal did not survive the perfusion. In this case ventricular fibrillation 
oceurred on introduction of the vent tube through the apex of the left ven- 
tricle. The heart was permitted to fibrillate while the right ventricle was 
entered and the defect closed. Subsequent defibrillation produced a tonie con- 
traction of the entire body which pulled the venous cannulae from the heart 
and the animal exsanguinated. 
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In Dog 588 the defect was immediately under the pulmonary valve. A 
fibrous rim was lacking and many sutures pulled through the septal myo- 
cardium before a satisfactory closure could be accomplished by anchoring the 
sutures rather far from the rim. The dog died two hours later as a result of 
the infundibular pulmonic stenosis thus produced. 

Three dogs died on the first postoperative day. Dog 558 had received a 
blood transfusion during the creation of the defect thirty-eight days earlier. 
This transfusion was held responsible for the considerable hemolysis in this 
case (Table I). Post-mortem examination revealed pulmonary edema. Dog 
574 was in extremely critical condition at the time of operation as has been 
noted above. Death was due to cardiae failure. Death in Dog 593 resulted 
from atelectasis of the entire left lung. Enormous gastric distention was also 
present in this animal. Dog 561 died from hemothorax 36 hours postoper- 
atively. Post-mortem examination in Dog 567 did not disclose a cause of 
death. Dog 590 died of empyema five days after operation. 

The remaining 12 animals were sacrificed from one week to six months 
after operation. The hearts were examined with particular attention being 
paid to the site of the sutured defect and the right and left ventricular in- 
cisions. 
THE DEFECT 


The closure was complete in 9 of the 12 sacrificed dogs and 5 of the 8 
fatal cases; in one animal only a 1 by 1 mm. pinhole remained. In four an- 
imals defects smaller than 12 sq. mm. were present at autopsy and in Dog 574 
a 6 by 6 mm. defect was found at examination on the first postoperative day. 
The margins of the defect had been approximated with three interrupted cot- 
ton sutures and the pronounced thrill present before repair was no longer 
discernible following closure. At autopsy, nevertheless, a 6 mm. probe could 
be passed through the sutured defect without disturbing the sutures. Probably 
fibrosis would have partially closed this defect had the dog survived. The 
right ventricular aspect of the sutured defects was represented by a smoothly 
endothelialized fibrotic area approximating 1 em. in diameter in the sacrificed 
dogs with three exceptions. The heart of Dog 577, sacrificed one week after 
operation, exhibited multiple friable vegetations in this area, and in two other 
animals thrombi were found. In one a firm thrombus had formed about re- 
dundant suture material, but in the other the thrombus was pedunculated and 
certainly a potential pulmonary embolus. 

The subvalvular ventricular septum in the canine heart approximates 2 
em. in thickness. The left ventricular aspect of the closed defect was there- 
fore represented by a dimple the depth of which varied with the degree of 
fibrosis and the depth to which the closing sutures penetrated the septum. 
In all cases this area was smoothly endothelialized. Gross and microscopic 
views of a sutured defect are shown in Fig. 1. 


THE RIGHT VENTRICULOTOMY 


Closure of this incision was satisfactory from both the hemostatic and 
the healing standpoint. In none of the fatal cases did bleeding occur through 
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the incision. In all animals sacrificed two weeks or more after operation, the 
incision was smoothly endothelialized. There were no mural thrombi, nor was 
there significant dilatation of the sear, though the fibrotic area was thinner 
than the surrounding myocardium. 


Fig. 1.—Sixty-eight days after repair of interventricular septal defect: A, View from 
right ventricle showing closed defect and ventriculotomy incision. B, View from left ventricle. 
C, Histologic appearance (X14). 


THE LEFT VENTRICULOTOMY 


In general, there was little evidence of this small incision from the epi- 
cardium. The appearance within the heart depended to a considerable extent 
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on whether the vent tube had penetrated directly into the !eft ventricular 
cavity or whether it had tunneled up the anterior papillary muscle en route. 
The latter course was apt to be followed when the incision was placed on the 
anterior aspect of the cardiae apex, the papillary muscle being avoided when 
the vent tube was inserted just posterior to the apex. When the papillary 
muscle had been penetrated, necrosis developed along the tube’s tract in two 
eases. The endocardium was smooth beneath the apical incision with one 
exception. In Dog 562 a ball thrombus was precariously adherent to the sear. 


SUMMARY 


In twenty dogs, previously produced interventricular septal defects were 
closed under direct vision using an extracorporeal pump-oxygenator. There 
were eight operative deaths. Details of the defect closure and the healing of 
the cardiae incisions were discussed. 
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AN EXPERIMENTAL STUDY OF THE VENOUS COLLATERAL 
CIRCULATION OF THE LUNG 


II. FuNcTIONAL OBSERVATIONS 


ALFRED Hurwitz, M.D., Masstwo CALABrRes!, M.D. (By INVITATION), RONALD W. 
Cooke, M.D. (By INVITATION), AND AVERILL A. LieBow, M.D. (By INVITATION ) 
NEWINGTON AND WEST HAVEN, CONN. 


T HAS been observed by several investigators! ? that the venous collateral 
circulation of the lung may become extensive in certain diseases, especially 
in emphysema. In 1911, Tiegel® constricted the pulmonary veins in dogs and 
rabbits infected with tuberculosis in an attempt to show that pulmonary 
tuberculosis was not progressive in a lung which was the seat of chronie pas- 
sive congestion. Attempts were later made to arrest tuberculosis in man by 
ligation of the pulmonary veins but with questionable success.* 

Prior to the use of penicillin, ligation of the pulmonary veins of dogs 
was usually followed by hemorrhage, pneumonitis, and by thrombosis of 
veins.* *® 7 Swan and Mulligan® successfully ligated the upper lobe veins in 
dogs, but ligation of the veins on one side was fatal in two animals. Hanlon 
and his co-workers® 1° employed penicillin in the early postoperative period 
and reported a reduced mortality after ligation of the pulmonary veins on the 
right side and a diminished incidence of positive blood cultures. They stated 
that the affected lung became atelectatic and the seat of congestion and hem- 
orrhage in the early postoperative period. After six months, the lung was com- 
pletely aerated, but showed evidences of thickening of the alveolar septa. It 
was their contention that the ‘‘lung which re-expands after such venous con- 
gestion is not capable of significant respiratory exchange but is primarily a 
space-occupying structure.’’ Casts of the bronchial and pulmonary vessels 
in the present study show, however, that a very large venous collateral cireu- 
lation develops. The purpose of this paper is to report the results of measure- 
ments of the ventilation and oxygen uptake after ligation of the pulmonary veins 
in dogs. The anatomic observations will be reported separately. 


MATERIALS AND METHODS 


Tlealthy, adult, mongrel dogs weighing from 10 to 19 kilograms were em- 
ployed for this study. Except for the first two dogs which had ligations of 
the right upper lobe veins only, an attempt was made to divide the entire pul- 
monary venous return. This was accomplished on the right side in two dogs 
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and on the left in six. The ligations were done extrapericardially. There 
were usually three veins to be ligated on the left side and from three to five 
veins on the right side. All animals received both penicillin (200,000 units) 
and streptomycin (0.5 Gm.) by the intramuscular route for five days post- 
operatively. 

Bronchospirometry was performed over five-minute intervals with the 
animal anesthetized with alpha-chloralose in doses of 75 to 100 mg. per kilo- 
gram. This material provides a light but long-lasting anesthesia with minimal 
desaturation of the systemic arterial blood (Table I). The modified van Allen 


TABLE I. RESULTS OF GAS ANALYSES OF BLOOD FROM VARIOUS VESSELS IN Docs WITH 
LIGATED PULMONARY VEINS 


0» 0, CONTENT, VOL. %}; Y% SAT. (IN PARENTHESES ) 


CAPACITY 
(ART. 

MONTHS BLOOD) FEM. SUP. INF. PUL. VENA 

POSTOP. VoL. % ART. CAVA CAVA ART. AZYGOS 

3 21.09 19.33 14.17 15.54 17.10 

(93.5) (68.8) (75.4) (82.9) 

19.83 13.86 14.28 

(71.5) (73.5) 

13.90 13.30 10.84 10.61 11.28 13.23 

(97.3) (80.1) (78.4) (83.4) (96.9) 

18.57 17.71 12.41 14.93 18.12 

(95.4) (66.8) (80.4) (97.6) 

21.91 20.71 18.52 18.39 19.43 

(95.6) (85.7) (84.7) (89.9) 

18.78 17.04 13.68 12.57 15.18 

(92.5) (74.6) (68.5) (82.7) 

20.42 12.59 10.24 10.09 

(62.9) (51.2) (50.6) 

Control 18.07 16.29 11.02 12.19 
(91.9) (62.5) (69.1) 

Control 17.29 15.75 11.82 11.40 
(92.9) (70.1) (67.6) 


cannula that was employed for bronechospirometry has been described else- 
where.*?. The oxygen uptake of each lung was measured with a McKesson 
double closed-circuit recording spirometer. Changes in midposition of the 
chest may affect the absolute values of measurements by the closed-circuit 
method, but would not influence the partition of ventilation and of oxygen up- 
take between the two lungs. The regular straight base line of the broncho- 
spirograms assures that no significant shift of the mediastinum occurs during 
the measurements. 

Catheterization of the venae cavae and azygos veins, right heart, and pul- 
monary arteries was performed under fluoroscopic control, and the positions 
of the catheters were recorded on film when there was uncertainty. Pressures 
were recorded electromanometrically and blood was withdrawn for analysis 
with the catheter tip in appropriate positions. Blood gas analyses were per- 
formed in duplicate with the van Slyke apparatus according to standard meth- 
ods. No difficulty was encountered in catheterizing the azygos vein. It was 
merely necessary to direct the bent tip of the catheter posteriorly and to the 


DOG wT. 
NO. (KG. ) 
V3 19.1 
v4 17 
Bo. V6 15.4 
V7 14.5 
vs 12.7 
v9 10.0 
v10 17.7 
Vi1i1 
v12 
ee 
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right during its descent within the superior vena cava. With its entry into 
the azygos the catheter pursued a characteristic arched posterior course, best 
seen in a lateral view. The azygos blood sample was withdrawn with the tip 
of the catheter close to the mouth of the vessel, and thus proximal to the 
openings of the major collateral channels from the lung. 


OBSERVATIONS 


The blood gas analyses (Table I) indicated a remarkably high oxygen con- 
tent for the blood in the azygos vein. In most instances it was definitely 
higher than in either of the venae cavae or in the pulmonary artery, and ap- 
proached that of the femoral artery, and in three instances approximately 
equaled it. In Dog V7 where the oxygen content was 0.41 volume per cent 
higher in the azygos vein than in the femoral artery, it is possible that the 
catheter actually entered or was at the mouth of a huge bronchial vein that was 
tributary to the azygos. The data of Dog V10 are difficult to interpret since 
the animal was apparently in a state of hypoxia that may have varied in the 
intervals between samples. Observations on two normal dogs, V11 and V12, 
showed the blood in the azygos vein to have a low oxygen saturation. 


TABLE II. RESULTS OF BRONCHOSPIROMETRY (C.C./MIN.) IN Dogs WITH LIGATED 
PULMONARY VEINS 


ESTIMATED % OF 
0. % EXPECTED 
VENTIL. | VENTIL. | TOTAL | UPTAKE | UPTAKE | UNLIGATED| UPTAKE 
DOG TOTAL | LIGATED | CONTROL 0, LIGATED | CONTROL | OPERATED | LIGATED 
NO. VENTIL. SIDE SIDE UPTAKE SIDE SIDE SIDE LUNG 
V3 3350 1625 1725 85 22 63 33 13.7 
V4 3830 2210 1610 180.5 18 162.5 10 8.2 
V6 1813 721 1092 50 7.5 42.5 25 8.4 
had 1987 514 1473 150 20 130 10 19.8 
0 
v9 1751 365 1386 88 8 80 0 20.2 
1363 388 975 72 52 0 


From the results of the bronchospirometric studies (Table IT) it is ap- 
parent that ventilatory function is much less altered than cireulatory function 
on the side of the venous ligation. In fact, in one animal, V4, ventilation on 
the operated side exceeded that on the intact. In this dog there were no ad- 
hesions to the costal surface of the pleura. Minimal relative ventilation 
(20.9 per cent) was observed in the case of V9, where adhesions were particu- 
larly dense. 

‘*Effective’’ pulmonary blood flow may be defined here as the volume of 
blood becoming fully saturated with oxygen during its passage through the 
lung in one minute. This will be proportional to the volume of oxygen ab- 
sorbed from each spirometer in the bronchospirometrie system during the same 
interval of time. Since the systemic arterial blood is not fully saturated, the 
‘‘effective’’ flow is less than the total flow. 

The observed oxygen consumption of the operated lung can be expressed 
as a percentage of that expected, were that lung intact. The expected 


ing 

4 


244 THE JOURNAL OF THORACIC SURGERY 


‘‘effective’’ flow, from previous experience with the present procedure of 
bronchospirometry, would stand on the average at 55 per cent for the right 
side, and 45 per cent for the left. There are considerable deviations from this 
average in the normal dog which are related to the mobility of the medias- 
tinum.’? After thoracotomy, moreover, mechanical entrapment of the lung 
might also interfere with both ventilatory and circulatory function. Never- 
theless, the stated averages are the most useful available data for present 
purposes. On this basis the per cent of expected ‘‘effective’’ flow for the op- 
erated side is easily calculated from the bronchospirometrically determined 
oxygen absorption of the two lungs in Dogs V9 and V10 where ligation of the 
venous drainage has proved to be complete (Table II). 

The estimate is more difficult for dogs where the ligation had been incom- 
plete. For this purpose the percentage (Z) of pulmonary parenchyma of 
which the normal drainage had not been interrupted was estimated by inspec- 
tion of the casts. The estimate was a generous one in order that falsely high 

values for collateral flows might not be obtained. The volume of oxygen, the 
~ absorption of which was accounted for by lung tissue that had escaped liga- 
ture on the operated side, was calculated by applying the percentage Z to the 
‘‘expected’’ oxygen uptake for that side. This figure was then subtracted 
from the observed uptake for that side to yield the oxygen absorbed by the 
collateral circulation and the latter could then be calculated as a percentage of 


the ‘‘expected’”’ flow, as described in the preceding paragraph. From the 
data summarized in the last column of Table II, ‘‘the effective collateral flow”’ 
after an interval of three to five months tends to range between approximately 
eight and 20 per cent of that expected were the venous drainage intact, with 
one questionable value (Dog V10) as high as 61.7 per cent. 


The data were sufficiently complete for the calculation of effective blood 
flow on the side of a complete pulmonary venous ligation. in only one dog of 
the present series, V9. For the calculation the Fick formula was modified 
by using the observed oxygen capacity, rather than oxygen content of the sys- 
temic arterial blood. In this dog the effective flows through the normal and 
ligated lung amounted to 1288 and 129 ml. per minute, respectively. 

It is obvious that the part of the right cardiae output passing through the 
segments of the lung in which venous outflow was ligated is returned to the 
right heart, and that only the blood passing through the normal lung is di- 
rectly turned over to the left heart and to the systemic arterial circulation. 

Another ealeulation can be used to estimate the collateral circulation that 
drains through the azygos vein. The blood in the pulmonary artery may be 
regarded as a mixture of the azygos blood and of the venous blood of the 
systemic circulation. In Dog V6 the data permit that an arithmetic mean be 
taken of the oxygen content of the blood in the inferior vena cava (10.61 
volumes per cent) and of that in the superior vena cava above the azygos 
(10.84 volumes per cent). This mean oxygen content of 10.73 volumes per 
cent is considered as representing that of the total mixed venous blood ex- 
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elusive of the azygos. To obtain an oxygen content in the pulmonary artery 
of 11.28 volumes per cent, as determined, 78 parts per cent of this blood must 
have been mixed with 22 parts per cent of azygos blood (oxygen content 13.23 
volumes per cent). Even this estimate of relative flow is too low, since the 
oxygen content of the coronary venous blood is generally lower than that of 
the caval blood. Moreover, it is apparent from the anatomical studies that 
part of the blood flowing through the collateral circulation enters the venae 
cavae, especially the superior through other channels than the azygos. 


DISCUSSION 


There was no mortality associated with ligation of the major veins of the 
lung in ten dogs. The use of penicillin and streptomycin in the early post- 
operative period probably played a major role in the survival of these animals 
and in the abolition of the inflammatory factor. Only two dogs had mild, 
transitory hemoptysis. None showed any evidence of thrombosis. There was 
an extraordinary enlargement of pre-existing bronchial veins at the hilum 
as well as the development of new transpleural hilar and terminal veins. These 
latter channels could be traced into large systemic veins, chiefly the pericardio- 
phrenic and intercostal veins. The extensive collateral circulation in the af- 
fected lungs is capable of transporting oxygen to the systemie veins and 
eventually to the right heart. The evidence for this statement is based on the 
measurement of oxygen uptake and of the elevated content of oxygen in the 
azygos blood which approached the oxygen saturation level of arterial blood. 
The application of this procedure to patients with congenital transposition of 
the great vessels suggests itself. The success of such a procedure would de- 
pend on the degree and rapidity of development of collateral circulation and 
on the ability of the human heart to adapt itself to the additional burden 
thrown upon its right side by the shunt. 


SUMMARY 


The pulmonary veins of the right lung in two dogs and of the left lung 
in six dogs were ligated without a mortality. The use of streptomycin with 
penicillin played a prominent role in preventing infection. 

An extensive collateral circulation was observed. This cireulation con- 
sisted of not only a marked dilatation of the pre-existing bronchial veins, 
but also the development of new venous channels within pleural adhesions. 

The blood flow through a lung between three and five months after liga- 
ture of the pulmonary veins has a minimal value ranging between 8 and 20 per 
cent of that expected, were the venous drainage intact. The oxygen content of 
the azygos vein rises remarkably in comparison with controls, and approaches 
that of the systemic arteries. 

The application of this procedure to correction of the altered hemo- 
dynamies of congenital transposition of the great vessels has been discussed. 
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PHYSIOLOGIC BASIS FOR UTILIZATION OF ESOPHAGOCARDIO- 
MYOTOMY IN THE TREATMENT OF ACHALASIA 


Pau. Nemir, JR., M.D. (BY INVITATION), AND H. R. HawtTHorne, M.D. 
(BY INVITATION ) 
PHILADELPHIA, Pa. 


N THE early part of 1948, being dissatisfied with the poor results which we 

had obtained with the methods of surgical treatment currently employed 
for achalasia of the esophagus,’ * we began to use the modified Heller pro- 
cedure or esophagocardiomyotomy. The early results in the first few cases 
were so gratifying that we began routinely employing this operation in all pa- 
tients submitted to surgery for intractable achalasia. 

This procedure has been carried out on 25 patients up to the time of this 
writing. One of the patients died of a cardiovascular accident on the fifth 
postoperative day. The remaining 24 are available for follow-up study of from 
four months to almost six years. 

All of the 24 patients were relieved of their symptoms of dysphagia fol- 
lowing operation. Excellent results were obtained in 21 (86 per cent) of the 
surviving patients, in that they have had complete relief from the obstruction 
and have been able to take a full diet. Subsequent dilatations have not been 
necessary in any of this group of patients. Three of the patients had post- 
operative difficulties in the form of delayed gastrie emptying, regurgitation, 
esophagitis, and/or hemorrhage. They have been alluded to previously in 
detail.* 

In comparing this group with those in which more formidable procedures 
were carried out such as esophagogastrostomy or actual resection of the esoph- 
agus, it is abundantly clear that the results with the relatively simpler pro- 
cedure of esophagocardiomyotomy are unequivocally better than those ob- 
tained with the other procedures. While we have continued to have complica- 
tions, they have been much less frequent and less severe. 

The manner in which this procedure exerts its beneficial effect is not clear. 
It was originally felt that the pathology in achalasia was a local process at the 
esophagogastrie junction much like hypertrophic pylorie stenosis, and the 
similar procedure of myotomy was, therefore, devised. While the conditions 

may indeed be alike, there are major dissimilarities, one of the foremost being 
that there is frequently no hypertrophy of the muscle. 


From the Harrison Department of Surgical Research, the Department of Surgery and 
the Hospital of the Graduate School of Medicine, University of Pennsylvania, Philadelphia, Pa. 

Aided by grants from the A. Atwater Kent Fund, the National Institute of Health, and 
the Wilson C. Loucks Memorial Fund. 


Read at the Thirty-fourth Annual Meeting of The American Association for Thoracic 
Surgery at Montreal, Quebec, May 3 to 5, 1954. 
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We, therefore, undertook studies in the hope of clarifying some aspects of 
the problem: 
1. Why has the purely local procedure of esophagocardiomyotomy been 
so effective in a disease involving the entire esophagus? 
2. Why have there been fewer complications? 
3. What information can we add to the controversial question of etiology? 
This report is concerned with esophageal motility studies on patients hav- 
ing achalasia on whom esophagocardiomyotomy was performed. In addition, 
special fluoroscopic observations have been made. Fifteen patients having 
achalasia have been studied. We have also studied motility patterns in three 
patients with normal esophagi and in three patients having carcinoma of the 
lower esophagus. 


METHODS 


Studies were made both preoperatively and at varying intervals up to two 
years postoperatively. With the patient in the fasting state, a triple lumen, 
triple-ballooned tube (Fig. 1) is passed into the stomach under fluoroscopic 


Fig. 1.—Triple-lumen., triple-balloon tube used in recording esophageal motility. Usually 
each balloon was filled with 20 to 30 cc. of air. However, in some of the markedly dilated 
esophagi, as much as six times this amount was needed before phasic contractions could be 
recorded. The lower balloon is placed into the cardiac portion of the stomach, the middle 
balloon in the esophagogastric junction, and the upper balloon in the upper or mid esophagus. 


guidance. Obviously, in a number of the preoperative studies this has been 
at times very difficult. Almost invariably, however, successful passage of the 
tube could be accomplished by the administration of Seidlitz powders once 
the tip of the tube had been in position in the lowermost portion of the esoph- 
agus. Actually, it has been our experience that if the obstructed area in the 
region of the esophagogastrie junction cannot be traversed by the tube with 
the addition of Seidlitz powders, then it is highly probable that the obstruction 


: 

3 j : 


NEMIR AND HAWTHORNE: ESOPHAGOCARDIOMYOTOMY IN ACHALASIA 249 


is not on the basis of achalasia. Postoperatively, the passage of the tube was 
invariably accomplished with less difficulty than preoperatively. The lower- 
most balloon is inflated in the stomach, the tube is pulled back and the second 
balloon is inflated in the esophagogastrie junction. The third balloon is in- 
flated in the junction of the upper and middle thirds of the esophagus. The 
balloons were then connected through a strain gauge and Lilly Capacitance 
manometer to a Polyviso four-channel electromanometer, and esophageal con- 
tractions at the esophagogastric junction and in the upper esophagus are re- 
corded on Perma paper. We have realized the difficulties inherent on using 
distensible balloons for the motility studies,‘ but have felt that the errors in- 
cident to the size of the balloons would be more than compensated for by the 
extreme sensitivity of the recording apparatus as opposed to the tambour ar- 
rangement. Following control tracings, various drugs have been used—thus 
far, namely, Urecholine, atropine, and procaine. 


Urecholine 


Fig. 2.—Motility pattern in upper or mid esophagus and in the esophagogastric junction 
area (labeled ‘lower esoph.”) in a patient with a normal esophagus. Recording speed on all 
tracings unless otherwise stated is 0.25 mm. per second. Three of the large blocks are 
equivalent to one minute. During phasic contractions, the pressure peak went up as high as 

mm. of mercury. (See text.) 


A second phase of the study was to determine whether regurgitation was 
present postoperatively. The patient was given a barium swallow and after 
the column of barium was in the stomach, the patient was placed in the Tren- 
delenburg position and the Valsalva maneuver was performed. We have arbi- 
trarily chosen between 4 and 6 months as the time for doing the first post- 
operative study. In several patients to whom barium swailow was given 
earlier, no regurgitation was noted, whereas it was noted at 6 months or longer. 
It may be that inflammatory reaction, edema, and searring do not level off 
until this period of time has passed. Since there is the possibility of regurgita- 
tion developing at an even later period, it is planned to have a study about 
once per year. 
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RESULTS 


Fig. 2 shows the esophageal contractions of the normal esophagus for com- 
parison. Note the rhythmic contractions, the amplitude and frequency of con- 
tractions, and the resting tone. The pressure plateau of the symmetrical wave 
attains a peak pressure of 80 to 100 mm. Hg. Approximately 10 minutes fol- 
lowing the subcutaneous administration of 5 mg. of Urechoiine, the frequency 


AS.,%, 32 yrs. 


Upper 


esoppagus 


Lower 


Fig. 3.—Esophageal motility pattern in a 37-year-old woman with symptoms of achalasia 
for 9 years. Tracing speed and pressure range same as in Fig. 2. Note the lack of rhythm, 
the decreased amplitude, and frequency of phasic contractions, and the variable tone in the 
control tracing. Upper balloon inflated with 70 c.c. air, and esophagogastric junction balloon 
inflated with 30 c.c. of air. The second block was taken ten minutes after Urecholine (5 mg. 
subcutaneously), and the third block, fifteen minutes after 0.6 mg. atropine sulfate. 


§.B., 9,40 yrs. 
Symptoms of achalasi 


a for 9 yrs. 


Fig. 4.—Esophageal motility pattern in a 40-year-old woman with symptoms of achalasia 
for nine years. Note that the phasic contractions are markedly decreased in amplitude and 
totally unrhythmical. 


and amplitude of contractions markedly increased as might be anticipated. 
This effect was dissipated in around 10 to 20 minutes. Approximately 20 min- 
utes following the administration of 0.6 mg. atropine sulfate, the contractions 
became markedly diminished or ceased entirely for a period of around 10 to 
15 minutes, at which time the effect of the atropine was apparently dissipated. 
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Analysis of the tracings of the patients with cardiospasm, representative 
graphs of which are shown in Figs. 3 to 6, reveals the following: 

1. The motility pattern of the entire esophagus is altered in cardiospasm 
and not just the distal end.*-° Note the marked difference of the upper eso- 
phageal contractions in patients with cardiospasm, A. S. (Fig. 3) and S. B. 
(Fig. 4), and in the normal (Fig. 2). 


M.B. 62yrs. 
Symptoms of achalasia for 24 yrs. 


VESTIBULE 


Control Urecholine 


Fig. 5.—Esophageal motility studies in a 62-year-old woman with symptoms of achalasia 
for 24 years. Note the tonic contraction or spasm. in the tracing taken with the balloon in 
the esophageal vestibule. 


W.c. 20yurs. 
Symptoms of achalasia for lyr. 


16 months after esophagocardiomyotomy: 


LOWER ESOPH. 


Atropine | 


Fig. 6.—Esophageal motility pattern on a 20-year-old man taken 16 months after esoph- 
agocardiomyotomy for achalasia. His symptoms existed for only one year prior to operation. 
Note the complete absence of peristaltic contractions in the control tracing from the mid 
esophagus. it was necessary to inflate the upper balloon with 100 cc. of air before any 
pressure waves were obtained. Despite distention of the balloon in the lower esophagus with 
150 to 200 c.c. of air, the resting tone was less than 10 mm. of mercury and there were no 
contractions at all. 


2. The esophageal motility pattern in achalasia is characterized by total 
lack of rhythm and marked decrease in frequency and amplitude of contrac- 
tions. 


Control Urecholine 
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3. The resting tone of the dilated esophagus was usually approximately 
the same, or higher, than in normal tracings. It should be here mentioned, 
however, that in the patients with achalasia, greater inflation of the balloon 
as compared to the normal was invariably required before any phasic con- 
tractions at all could be obtained. In the patients with widely dilated esophagi, 
it was sometimes necessary to distend the upper balloon with as much as 150 to 
200 ¢.c. of air before any contractions were noted. 

4. An increase in the resting tone was frequently, though not invariably, 
recorded in the tracing from the balloon at the esophagogastrie junction area 
or vestibule.’ Fig. 5 shows a striking example of this response. 

5. The response to Urecholine and atropine in the patient with cardio- 
spasm has been in the same direction as in the normal. With Urecholine, the 
amplitude and frequency of contractions increased, although never to the same 
magnitude as seen in the normal esophagus. 

6. There is no relationship of proportionality between length of time of 
existence of the condition and degree of motor abnormality. Fig. 6 shows the 
tracings on a 20-year-old white man upon whom an esophagocardiomyotomy 
had been performed elsewhere* approximately one year before study. This 
patient’s symptoms were of only one year’s duration prior to operation, 
whereas the vast majority of the patients studied had symptoms anywhere 
from 5 to 30 years. The most marked decrease of tone, and frequency and 
amplitude of phasic contractions of any patient studied was obtained. 

7. Studies taken from 4 months to 2 years postoperatively have revealed 
no change of the original altered motility pattern. Careful analysis of the pre- 
and postoperative tracings showed little or no difference. In several of the 
postoperative tracings, the amplitude of contractions was slightly increased, 
but this finding was not consistent and varied with the amounts of air em- 
ployed to inflate the balloons. 

8. Fluoroscopic study at the time of barium swallow has demonstrated the 
presence of regurgitation from the stomach into the esophagus in 50 per cent 
of the patients postoperatively. Usually this has been a very rapid and free 
regurgitation with the patient in the Trendelenburg position (Fig. 7). 


DISCUSSION 


As stated, our results clearly demonstrate the superiority of esophago- 
cardiomyotomy over previously used surgical procedures in that segment of 
patients with cardiospasm who are candidates for surgery. It is equally ap- 
parent, however, that complications of a severe nature continue to occur post- 
operatively, thus indicating that this procedure is by no means the final answer 
to the problem. As stated, the manner in which esophagocardiomyotomy ex- 
erts its beneficial effect is not entirely clear. In our own studies and those of 
others,®° it has been clearly demonstrated that the motility pattern of the en- 
tire esophagus is disturbed in achalasia. To be sure, the more severe changes 
are usually present in the lower esophagus, but it is a function of degree. 


*This patient was operated upon by Dr. Richard H. Sweet, Boston, Mass. . 
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Since the motility patterns are disturbed throughout the esophagus and since 
no change is noted in esophageal motility patterns postoperatively,® it must 
be concluded that the alteration is wrought entirely locally at the site of the 
operative procedure. 

There is not unanimity of opinion as to the causative mechanism for the 
obstruction at the lower esophagus in cardiospasm. While it has been gen- 
erally held that the obstruction was on the basis of a spasm of the inferior 
esophageal constrictors,® other investigators® have felt that it may be due to 


Fig. 7.—Barium-swallow study on a 61-year-old white woman who had an _ esoph- 
agocardiomyotomy for achalasia two years prior to this study. There is free regurgitation of 
barium into the esophagus with the patient in the Trendelenburg position. 


a failure of normal relaxation of the vestibule in the face of absent normal 
peristaltic activity of the esophagus, and still others’ have felt that it is due to 
weak and incoordinated parasympathetic stimuli to the esophagus. While it 
is true that there are certain objections to the hypothesis that a continued 
spasm at the esophagogastric junction region exists in this condition, our own 
studies and those of others lend confirmation to it. Umrath?®? demonstrated 
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that the refractory period of the smooth muscle of the frog’s reetum is reduced 
from seconds to milliseconds when freed from its associated ganglion cells. 
Reduction of refractory period would facilitate the development of the circus 
movement of excitatory impulses with resulting tetanic contraction and fune- 
tional obstruction.1! The esophagocardiomyotomy with its resulting sear 
might thus act as a barrier to cireus movement. This hypothesis might be 
applicable to those cases of achalasia in which Auerbach’s plexus is absent, 
but, contrary to general opinion,'’® '° the plexus is not invariably absent. On 
the other hand, however, while Auerbach’s plexus may be present microscopi- 
cally, it may not be working as a normally functioning unit and it may be that 
the above-stated hypothesis may even be acting in this group. Evidence for 
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Esophageal motility studies. 


Fig. 8.—Esophageal motility pattern of a 61-year-old white woman who had an esoph- 
agocardiomyotomy for achalasia one year prior to study. Note the alteration of the pattern 
toward normal following the oral administration of 30 c.c. of 2 per cent procaine hydrochloride. 
This effect was almost immediate and lasted for approximately 20 minutes. 


alteration of the functioning intrinsic nervous mechanism of the esophagus 
in patients with achalasia was afforded by our own studies utilizing oral pro- 
caine. It was shown that after swallowing 30 c.c. of 2 per cent procaine solu- 
tion, the esophageal contractions in three postoperative patients changed from 
the usual abnormal pattern (characterized by decreased amplitude, decreased 
frequency, and total lack of rhythm of contractions) to an essentially normal 
motility pattern (characterized by greater amplitude, greater frequency, and 
rhythmical contractions). (Fig. 8.) 

Since it is known that procaine may be absorbed locally from a mucosal 
surface, it may be that it has inactivated the altered intrinsic neural mech- 
anism and the vagus is then able to exert its normal effort. 

Sleisinger, Steinberg, and Almy® have also postulated that the intrinsic 
neural mechanism may not be totally lacking, but rather that it is disorganized. 


Control 
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As stated, the postoperative complications have been less frequent and 
less severe following esophagocardiomyotomy. Whereas regurgitation is al- 
most an invariable accompaniment of operations in which the esophagogastrie 
junetion is destroyed,’ it has oceurred in only about 50 per cent of the pa- 
tients having esophagocardiomyotomy. Since the postoperative difficulties are 
undoubtedly a function of regurgitation, it may be assumed that the deereased 
incidence of complications is due to the decreased incidence of regurgitation. 
This aspect of the problem must await longer follow-up study. Why some of 
the patients develop regurgitation, and others do not, cannot now be answered. 
It may be that the length of incision through the muscle plays some role in 
this respect. 
CONCLUSIONS 


1. Following esophagocardiomyotomy, there is no alteration of the de- 
ranged esophageal motility. 

2. The procedure probably exerts its beneficial effect by breaking the cir- 
cus movement at the lower end of the esophagus, thereby relieving a fune- 
tional obstruction and permitting better emptying. 

3. Postoperative complications are less frequent and less severe due to the 
fact that the incidence of regurgitation is less than in those cases where esoph- 
agogastrostomy was carried out. 

4. It is postulated that a derangement or disorganization of the intrinsic 
neural mechanism, rather than an absolute absence of the nerve plexuses, is 
responsible for the disordered motility pattern. 
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t DISCUSSION 


DR. R. E. TABER, Iowa City, lowa.—I should like to comment on the paper by Dr. 
Nemir regarding esophageal motility, and tell of utilizing a similar method of examination. 

We have attained different results and I thought they might be of interest to you. 
This is a preoperative slide; here are three balloons recording at the upper third, middle, 
and lower thirds just above the cardiac sphincter. Here are the results and return of 
motility so far as we can tell to a normal pattern some 15 months following cardioeso- 
phageal myotomy. 

Here is a summary of three more patients with far-advanced cardiospasm. These are 
the preoperative tracings and this is the postoperative study carried on at varying inter- 
vals between three months and one year following operation. I think you can see that 
there is a return to near-normal motility in these patients who beforehand demonstrated 
long periods without any contractions. 

We believe the causative factors lie in the cardiac sphincter mechanism, rather than 
in the esophageal myenteric plexus changes which are more likely secondary to chronic 
‘obstruction and stasis. 


DR. ORVILLE F, GRIMES, San Francisco, Calif—A little over a year ago a study 
was undertaken by Dr. Stephens and myself in an effort to determine the comparative values 
of the various surgical procedures for achalasia of the esophagus performed at the Uni- 
versity of California Hospital. 

Until 1948 the procedures used were those whereby some type of plastic repair was 
accomplished on the cardioesophageal junction. In 26 patients, an anastomosis was estab- 
lished between the lower end of the esophagus and the cardiac portion of the stomach, pat- 
terned after the Finney pyloroplasty. A Mikuliez procedure was accomplished on four 
other patients, and a manual dilatation was performed in one. 

Since 1948 all patients who have required operation for intractable achalasia of the 
esophagus have received the so-called extramucous cardioesophagomyotomy., The incision 
has been carried from the level of the inferior pulmonary vein well down onto the anterior 
surface of the cardia of the stomach and in most instances the diaphragm has been opened. 

A study of the operative results obtained from the so-called enterostomy procedures, 
the patients having been followed for a considerable time, shows that .well over 50 per 
cent of the patients had either fair or poor results. By comparison; the Heller procedure. 
performed in eleven patients, produced results that were uniformly good or excellent. 

It is of interest to note that a considerable number of patients in the enterostomy 
group developed postoperative esophagitis. This complication did not occur in those receiv- 
ing the Heller procedure. 

It is our impression that the good results of the extramucous cardioesophagomyotomy 
are due not only to the increase produced in the cross-sectional diameter of the esophagus 
in its narrowed portion, but also to the preservation of the cardioesophageal angle. 


DR. I. DARIN PUPPEL, Columbus, Ohio.—We recorded the first successful esophageal 
motility study, which we did in 1947.* Since 1947 we have investigated thirteen cases of 
idiopathic megaesophagus; 11 cases both preoperatively and after singly and widely cut- 
ting across the so-called cardiac sphineter by ‘‘U’’ esophagogastrostomy or by cardio- 
myotomy. We have used the single or the multiple balloon technique concomitantly as 
described by Dr. Nemir, and which I presented before this Association in a discussion of 
Dr. Kay’s paper in 1952.t Much of our data has already been confirmed by Kramer and 
Inglefinger. 


13, 1953. 
13, 1953. 
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These balloon methods do have their shortcomings. First, they do not record the 
wave of peristalsis because in megaesophagus localized contractures of the esophagus may 
arise simultaneously in multiple areas at various levels of the esophagus. Second, the 
balloon methods do not record the force of deglutition. Third, the balloon methods do not 
abolish the esophageal respirations and pulsations. We had to use the fluoroscopic tech- 
nique particularly in the upright and Trendelenburg positions to determine the state of 
peristalsis. We determined the force of deglutition by observing the amount of pull on the 
Einhorn tube attached to the inflated balloons which acted as boli of food. We differen- 
tiated esophageal respirations and pulsations from the intrinsic motility by using the 
breath-holding technique and recording the radial pulse frequently. In achalasia there was 
an increased voluntary need to swallow over normal, and each conscious swallow was 
marked on the kymograph by the patient pressing a signal magnet. The balloon methods 
have had their positive value. Just as a positive tuberculosis sputum culture increases the 
visual acuity in reviewing chest roentgenograms and we see the formerly unseen cavity, so 
motility studies have increased our insight as to the abnormalities we see at fluoroscopy 
and on reading esophagograms. 

Idiopathic megaesophagus does not act like the atropinized esophagus of normal 
people. It cannot be stimulated to normal peristalsis and normal deglutition by adminis- 
tration of Urecholine, as we pointed out in 1952. Drugs like Urecholine may often stimu- 
late an increased motility and may thus be of diagnostic aid to the fluoroscopist because 
the motility still remains uncoordinated and nonperistaltic in nature. Usually Urecholine 
administration leads to little or no increase in deglutition. 

The observations of Dr. Nemir and ourselves do agree with each other. In our ex- 
perience, too, the disturbances of the esophageal motility continue after cutting the so- 
called cardiac sphincter once widely.* Of our 13 patients, the patient observed longest 
had the operation in 1946; she still shows the typical esophageal motility disturbances of 
idiopathic megaesophagus in spite of excellent clinical amelioration of symptoms. Of 
course, it is not a complete tragedy to have one’s pioneer observations questioned; I have 
had that occur too. But when one confirms another’s observations as much as Dr. Nemir 
and Dr. Hawthorne have confirmed mine, it is always a source of great satisfaction. They 
are to be congratulated for their fine work. In 1952+ we suggested that the present modes 
of treatment cannot entirely relieve the abnormal physiology and that other better concepts will 
have to be sought. Dr. Nemir and Dr. Hawthorne are doing just that in their studies of 
the effects of procaine on the esophagus. More studies in such directions should be done. 

It is quite possible that Dr. Taber is not recording increased intrinsic esophageal 
motility postoperatively but is, rather, recording respiratory movements differently. We 
made the same mistake in interpretation when we first began our esophageal motility work. 
The breath-holding test reveals the intrinsic motility irregular, uncoordinated, hyporesponsive 
and nonperistaltic in nature and, at times, even absent both preoperatively and post- 
operatively. 

Another striking observation which surprised us was that the cricopharyngeus sphine- 
ter almost invariably does not become incompetent in this disease. This is fortunate for 
the patient who, following surgery, develops an incompetent cardiac sphincter. I wish to 
ask Dr. Nemir whether he has an answer as to why the cricopharyngeus does not become 
incompetent in idiopathic megaesophagus. 

Although all treatments devised to date have their disadvantages, complications, and 
failures as we emphasized in 1952, we wish to re-emphasize that these patients should not 
be watched while the megaesophagus progresses from the fusiform to the colossal sigmoid 
or zigzag form. More satisfactory cures will result if aggressive therapy, including trans- 
thoracic surgery when necessary, is instituted in the early fusiform stage. At this stage, 
if mechanical dilatation fails to return the esophagus to a normal size, then, at the moment, 
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we do a cardiomyotomy in the presence of hyperchlorhydria or euchlorhydria and an 
esophagogastrostomy if there exists an associated hypochlorhydria or achlorhydria. A 
Levin tube can easily be passed into the stomach to collect gastric juices, provided the 
upright patient inhales amyl nitrite at the time a new stiff tube is passed under fluoro- 
scopic guidance. 


DR. PAUL NEMIR, Jr. (Closing).—I wish to thank the discussants for their com- 
ments. Dr. Taber’s results with Urecholine are interesting. We have studied more than 
fifteen patients both preoperatively and up to two years postoperatively, and in no case 
have we demonstrated any appreciable increase in the tone of the esophagus or any in- 
crease in its contractile ability following operation. Esophageal motility and contractility 
postoperatively, following Urecholine administration, was essentially no different from 
that obtained preoperatively. Fluoroscopically, the continued loss of tone has also been 
noted, although, in all cases postoperatively, esophageal emptying has been markedly im- 
proved. In several cases the size of the esophagus was decreased following operation, but 
in none did the motility pattern assume a normal configuration. Our results with esophago- 
cardiomyotomy and with the other procedures have paralleled the results which Dr, Grimes 
has shown, Eighty-six per cent of the patients upon whom we operated have been relieved 
of their symptoms of achalasia and are, without exception, able to take a full diet. Subse- 

_quent dilatations have been required in no case. 

I want to thank Dr. Puppel for his comments. I hasten to add that his original 

studies in this field of investigation served in a large part as the stimulus for our work. 


THE EFFECT OF INTRAPERICARDIAL AND INTRACARDIAC 
PROCAINE UPON THE CIRCULATION IN MAN DURING 
MITRAL COMMISSUROTOMY AND PULMONARY 
VALVULOTOMY 
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MONG the important problems associated with operations upon the heart 
and great vessels are disorders of cardiac rate and rhythm. Two common 
causes of these disturbances are surgical manipulation of the heart and the 
direct effect of anesthetic procedures. Many of these arrhythmias are of elini- 
eal concern because of the possibility of producing ventricular tachyeardia and 
in turn fatal ventricular fibrillation. Another important unfavorable possi- 
bility associated with these changes in rhythm is the alteration in perfusion 
pressure of vital organs, including the heart itself. This occurs if the central 
arterial pressure is reduced because of a fall in cardiae output resulting from 
an abnormal rate or rhythm, making eardiae filling or emptying inefficient. 
Attempts to resolve the real and potential danger of serious arrhythmias 
during the manipulations on the heart and surrounding structures have taken 
two forms. One has been an effort to depress bursts of ventricular arrhythmia 
by systemic use of drugs which depress the conducting tissue of the heart. 
Possibly the most popular of these efforts to control arrhythmias in man was 
the use of procaine or its derivative procaine amide intravenously. The effi- 
eacy of procaine in the control of arrhythmias associated with anesthesia and 
with surgical manipulations including those upon the heart was reported by 
Burstein and his associates in a series of communications beginning in 1940.1~° 
However, the usefulness of systemic procaine was limited by its short dura- 
tion of action, the need for general anesthesia to avoid convulsions, and re- 
striction to the intravenous route. To surmount these difficulties, procaine 
amide was developed and studied by Mark‘ and Joseph® and their co-workers. 
The latter group demonstrated efficient protection against arrhythmias in a 
variety of thoracic surgical procedures with the use of procaine amide orally 
and intravenously. 
The other and earlier effort at prevention and control of arrhythmias re- 
sulting from manipulations upon the heart and great vessels consisted of the 
direct application of procaine as a local anesthetic agent to the projected area 
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of stimulation. As described by Mautz® and Beck,’ 5 or 10 per cent procaine 
hydrochloride was used by application of sponges saturated with procaine to 
the epicardium. It was suggested by Mautz® that the drug was absorbed 
through the epicardium and depressed irritability in the underlying myo- 
eardium. Reports were satisfactory with respect to the subsequent control of 
irregularities of rhythm. Apparently, no difficulties due to systemic absorp- 
tion were encountered. Procaine injected either locally or intravenously has 
actions other than those of combating arrhythmias by myocardial depression. 
It is also a fairly efficient peripheral vasodilator. Therefore, the question is 
raised whether these qualities in a drug might not pose problems in the ecir- 
culation of even greater magnitude than those they were designed to correct. 
It is necessary to know whether a reduction in arterial pressure resulting from 
direct myocardial depression or peripheral vasodilatation or both, in patients 
whose hearts are already damaged, may not be a much more severe liability 
than the development of short bursts of irregularities of rhythm. 

In the course of study upon the relationship of anesthetic agents and 
methods to circulatory changes induced by the surgical correction of certain 
types of congenital and acquired heart diseases,* an opportunity occurred to 
carry on objective and quantitative measurements upon the circulation fol- 
lowing the intrapericardial and intracardiac injection of procaine for the pre- 
vention of arrhythmias. 


METHODS 


Electrocardiograms were made (Lead II) simultaneously with the recording of ar- 
terial pressure with Lilly Capacitance Manometers at appropriate periods during operations 
on the mitral or pulmonary valves. 

A total of 50 patients were studied. Of these, 31 patients were observed immediately 
before, during, and after the injection of procaine into the pericardium or into the heart 
muscle. Tracings were made continuously until it was evident either that no change was 
going to occur or that a change that had occurred had begun to revert toward normal. 
Eleven patients were studied during mitral commissurotomy and 20 patients during pul- 
monary valvulotomy for pulmonic stenosis. Similar studies served as .control measure- 
ments in 19 patients. In 16 (12 mitral commissurotomies and 4 pulmonary valvulotomies) 
operation was carried out without any injection of fluid. Physiological (0.85 per cent) 
saline was injected into the pericardial sae in 3 patients to determine the influence of 
fluid injection without active drug on cardiac rhythm and rate. The data obtained in these 
3 patients were similar to the observations in those 16 patients who received no injection. 

Preanesthetic medication consisted of an opiate or synthetic narcotic and scopolamine 
or atropine. The most common premedication was a combination of meperidine and sco- 
polamine. Anesthesia for maintenance consisted of either ethylene or nitrous oxide and 
small amounts of ether. Endotracheal intubation was performed on all patients. The 
endotracheal tube was inserted during topical anesthesia in most adult patients and during 
general anesthesia in all children. When procaine was injected into the pericardium or 
myocardium, the amounts varied from 1 to 10 ¢.e. of 1 or 2 per cent solution. 


RESULTS 


Table I demonstrates the findings in 11 patients in whom procaine was 
injected into the pericardial sac and at the base of the auricular appendage 
prior to mitral commissurotomy. There was a significant increase in heart 
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rate in 8 and a fall in blood pressure in 4 of the eleven. There was one in- 
stance of cardiac arrest (Patient G. M.) during the mitral manipulation which 
was corrected by cardiac massage. Although the patient regained lucid con- 
sciousness and suffered no postoperative impairment of renal function, she 


TABLE I. MITRAL COMMISSUROTOMY. PROCAINE 


BEFORE PROCAINE AFTER PROCAINEt 
90/68 90/68 
92/54 68/40 
115/74 115/74 
80/48 72/48 
124/70 84/46 
120/80 130/75 
110/65 100/60 
78/38 74/40 
135/75 110/60 
Not obtainable Not obtainable 
110/70 110/70 


*Preoperative digitalization. 

+Maximum change two minutes or less after the injection of procaine. 

¢Blood pressure. 

§Pulse rate. 

||\Cardiac arrest during mitral manipulation. Died eighth postoperative day of congestive 
heart failure. 

{Ventricular fibrillation reversed with procaine and cardiac massage. Died seventh day 
of congestive failure. 

Summary 

Pulse Blood aaa 


Total Total 


Tachycardia Hypotension 


1 
8 
No change 2 No change 
Cardiac arrest 


died on the eighth postoperative day of congestive failure. This patient also 
had severe aortic valvular disease at autopsy. There was one instance of ven- 
tricular fibrillation (Patient H. H.) in the first mitral commissurotomy per- 
formed in this hospital. The fibrillation was reversed after cardiac massage 
and intraeardiae procaine. Death ensued in congestive failure on the seventh 
postoperative day in a manner similar to that of Patient G. M. In every opera- 
tion there were short bursts of ventricular extrasystoles at the actual moment 
of finger fracture of the commissures. 


TABLE II. MitrRAL COMMISSUROTOMY. No PROCAINE USED DuRING HEART MANIPULATION 


PATIENT | BP t | 
124/66 
110/50 
100/60 
110/70 
116/80 
116/70 
110/70 
112/70 
100/60 
110/76 
100/60 
105/65 


OP 


*Preoperative digitalization. 
+Blood pressure, 
tPulse rate, 


PATIENT | § 
E. C. 05 
M. D.* 60 
M. R.* 85 
V. H.* 00 
M. M.* 80 Bk 
G. M.*|| 20 
10 
G.8.* 10 
200 
M. B.* 00 
4 
7 
PR 

75-78 
60 
70-76 
76 
80-84 
76-80 2 
80-84 
60-65 
80 
90 
75 
i 
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In contrast to this experience, 12 patients with comparable types of mitral 
valvular disease received no procaine. Table II summarizes the data measured 
continuously during the surgical manipulations. There were inconsequential 
changes in heart rate and blood pressure. There occurred the same bursts of 
ventricular extrasystole of approximately the same duration as were found 
in the patients who were given procaine. 


PROCAINE 


PULMONARY VALVULOTOMY. 


TABLE III. 


| BEFORE PROCAINE AFTER PROCAINE” 

PATIENT BP PR BP | PR 
J. BR. 110/70 90 95/70 125 
W. F. 95/50 95 100/50 155 
. R. 8. 140/90 100 95/65 140 
L. G. 110/60 82 110/60 148 
C. M. 85/45 160 60/40 185 
AS; 100/65 82 100/65 120 
Bac, 70/40 120 70/40 150 
8. C.§ 106/60 100 100/60 140 
T. M. 156/84 118 130/80 152 
R. E. 118/50 100 115/60 165 
DaP: 130/75 90 110/72 130 
120/70 92 116/80 160 
Lak. 134/50 120 114/46 138 
lan. 120/60 150 74/50 190 
On 136/82 120 125/82 162 
GT. 120/76 120 76/46 150 
LB: 132/80 105 114/70 176 
CoB. 120/80 88 120/80 165 
Jokes 100/55 95 100/55 140 
82/52 82/52 140 


*Maximum change two minutes or less after the injection of procaine. 

+Blood pressure. 

tPulse rate. 

§Cardiac arrest, interventricular septal defect, dilators inserted through defect into aorta. 


Summary 
Pulse Blood Pressure 
Total 20 Total 
Tachycardia 20 Hypotension 10 
No change 0 No change 10 


The same contrast is evident in comparing 20 eases of pulmonary valvu- 
lotomy in which procaine was used with 7 in which either saline or no injection 
took place. This is shown in Tables III and IV. Tachyeardia occurred in 
every case in which procaine was used, and in half it was accompanied by a 


TABLE IV. PULMONARY VALVULOTOMY 


PATIENT | BP PR 


A. No Procaine During Heart Manipulation 


A. 8. 126/60 92 
R.8. 85/40 80 
M. B. 120/60 95 
B. Saline in Pericardium During Heart Manipulation 

110/58 70 
‘TO: 120/60 90 
M. G. 100/60 90 


*Preoperative digitalization. 
+Blood pressure. 
tPulse rate. 
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fall in arterial pressure. Again there was no difference in the incidence or 
severity of the ventricular extrasystoles whether or not procaine had been 
used. In fact, the only patient who exhibited no extrasystoles at all was M. G. 
in Table 1V, B. This patient received a saline intrapericardial and intraven- 
tricular injection. Figs. 1, 2, and 3 are taken from actual recordings which 
illustrate the points discussed. 


INTRAPERICARDIAL PROCAINE 


= 


Fig. 1.—A fall in brachial artery pressure and an increase in heart rate occur after the 
injection of 4 c.c. of 1 per cent procaine into the pericardium. Multiple extrasystoles are 
seen a pericardial manipulation. Alterations one and two minutes following injection 
are also shown. 


INTRAPERICARDIAL SALINE 


DE 
+ 


Manipulation of 
pericordium injection 


Fig. 2.—The absence of effect of intrapericardial saline injection is shown. Extra- 
a occur during surgical manipulation but no alteration in blood pressure or pulse rate 
is noted. 


DISCUSSION 
It is necessary to emphasize that no inference is made from these data 


that ventricular tachyeardia and ventricular fibrillation do not and cannot 
occur during operations upon the heart or great vessels. Ventricular tachy- 


Procaine Menigulation of min efter 2 min after 
injection pericardium injection injection 
Pt 
33222 
Saline ter 
injection 
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cardia was not observed in this relatively small but well-measured series. 
Ventricular fibrillation was seen once and apparently responded to procaine 
injection. Final judgment on the value of procaine and its derivatives in the 
prevention of ventricular tachyeardia and fibrillation probably should rest on 
the analysis of a larger number of patients on whom the drugs were used, as 
compared to an equally large number on whom they were not used, where most 
other variables were reasonably constant. 


INJECTION 


NO INTRAPERICARDIAL 


Pt AS- 


— 
== ESS SS 


Manipulation of pericardium 3 min 


Fig. 3.—No intrapericardial injection. Extrasystoles are noted with pericardial manipulation. 
There is no change in blood pressure or pulse rate. 


It is generally conceded, however, that the preiude to veritricular tachy- 
eardia and fibrillation consists in the development of multiple ventricular 
extrasystoles. These were observed in all the patients to whom procaine had 
been given and in almost all of those to whom it had not been given. The 
duration was short in both groups. In this study, it is clear that procaine did 
not prevent the development of arrhythmias as compared to similar operations 
without its use. Digitalization does not appear to exert an influence since 
similar findings were present in digitalized and nondigitalized hearts. The 
health of cardiae muscle, in contradistinetion to that of valves, was not a fac- 
tor since the healthy muscle in the patients with pulmonie stenosis behaved 
like the diseased muscle of the patients with rheumatic heart disease. 

A further thesis of this discussion is the fact that the use of procaine 
within the pericardium or the heart muscle may be harmful. The fact that 
the desired protection against arrhythmias is not accomplished is perhaps of 
lesser importance than is the circulatory disability imposed by the drug. In 
the overwhelming majority of patients (90 per cent) tachycardia of clinical 
significance developed and hypotension was produced in 45 per cent. In pa- 
tients whose myocardial reserve is severely limited, the induction of tachy- 
cardia may precipitate so great a fall in cardiac output as to be a serious 
physiologic threat. These complications were not observed when no procaine 
was used or when saline was injected in its place. It can be concluded, there- 
fore, that the stimulation of a needle and the effects of injected fluid do not 
cause the tachyeardia and the hypotension observed in these patients. It is 
truly an effect of procaine, presumably because of systemic absorption that 
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comes on almost immediately and persists for not less than two minutes and 
frequently as long as ten minutes. 


SUMMARY AND CONCLUSIONS 

1. The injection of procaine into the pericardial sae or the myocardium 
did not prevent the development of ventricular extrasystoles in 11 eases of 
mitral commissurotomy and 20 cases of pulmonary valvulotomy. 

2. The injection of procaine into the pericardium and into the heart 
muscle produced tachyeardia in a large majority of patients (90 per cent). 
In approximately one-half it also produced hypotension (45 per cent). In 19 
comparable control cases these effects were not observed. 

3. These effects of the injection of procaine are considered harmful in 
patients who are to be subjected to operations upon the heart and great vessels 
and particularly harmful in those whose myocardial reserve is already limited. 
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DISCUSSION 

DR. ARTHUR VINEBERG, Montreal, Quebec.—The question of using procaine is 
very important, I think, and, although the paper would indicate that perhaps one gets an 
increase in pulse rate and a drop in blood pressure, this is a very temporary matter. In 
our experiments with internal mammary artery implants in animals where we were dealing 
with the ventricle, we found that we had to use procaine to avoid fibrillation. When we 
abandoned procaine we had many instances of ventricular fibrillation, and where we used 
nothing but procaine into the pericardial sac, ventricular fibrillation was a comparatively 
rare occurrence. 

With regard to human cases, after reading the recent literature and because, at the 
time of putting procaine into the pericardium, we had noted the drop in blood pressure 
and inerease in pulse rate which we corrected immediately with Neo-Synephrine, we de- 
cided to abandon it in two cases, and were sorry that we did so. In one case the pulse rate 
went out of controi and we had ventricular tachycardia which nearly terminated fatally. 
Fortunately, putting a suture in the heart brought it back to normal rhythm, showing how 
sensitive the heart was, and that patient survived. So I do not think one should abandon 
the use of procaine locally without a little more consideration, particularly if working on 
the ventricle; all who have tried aortic stenotic procedures realize just what can happen 
even when using procaine. 
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INTRACARDIAC SURGERY WITH THE AID OF ARTIFICIAL 
OPERATIVE TUNNELS 


WituiAm K. Swann, M.D. (By INvITATION), JAcoB T. BRADSHER, JR., M.D. 
(BY INVITATION), AND JORGE RoprIGuUEZ-ARROYO, M.D. (BY INVITATION ) 
KNOXVILLE, TENN. 


EFECTS of the cardiac septa and valves ideally would be operated upon 

" under direct vision in the open heart in a dry field. This type of surgery 
is being done, but it has not yet advanced to the point of a practicality. Until 
this method is adequately developed, artificial devices which afford the surgeon 
some help in working within the chambers of the heart will continue to be of 
some interest and perhaps of some use. 

Such a device has been suggested by Bailey.1. Another has been used suc- 
cessfully to approach the ventricular chambers in animals by Glenn.? The 
only such device that has been applied in the treatment of human patients to 
any extent is the operative well devised by Gross* to provide access to the low 
pressure area of the right auricle. 

Our efforts have been directed at a universal type of operative tunnel 
(Fig. 1) which would allow approach to the four chambers of the heart and 
the great vessels, affording the same opportunity for digital visualization and 
operative maneuver as is utilized in the operation for mitral stenosis via the 
left auricular appendage. We have also aimed at a method which would be 
as safe as this operation and in which there is no demand for hasty maneuvers 
and no opportunity for dangerous blood loss. 

Our early efforts to devise artificial operative tunnels were successful 
when applied in low pressure areas such as the auricles, and resulted in failure 
or serious difficulties because of blood loss when applied to the aorta and 
ventricles. 

We reasoned that if such a device could be adapted to the aorta, and this 
would allow safe and accurate surgery on the aortie valve, it would then be 
considerably less of a problem to utilize the method in approaching other areas 
within the heart. (Fig. 2.) 

In the paper by Glenn? in which it is reported that a rubber diverticulum 
was used to approach the cardiac cavities in twenty-six animals, it is stated 
that in one experiment an attempt was made to sew the diverticulum to the 
aorta. In this experiment bleeding around the suture line was so severe that 

the animal was lost as a result of hemorrhage. 
This corresponds to our early experience. It was not until we abandoned 
operative tunnels made of rubber and selected one made of plastic and fabric 
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that we were able to eliminate this bleeding. The tunnel device now used has 
an inner layer of plastic that is smooth, resistant, and waterproof. The outer 
layer of cloth strengthens and restrains the plastic at the points of suture. In 
addition the cloth has an adhesive quality when wet with blood. This ensures 
against blood leakage at points of contact with the heart or blood vessel tis- 
sues. Tunnels which utilize a fabric can be sutured snugly to the aortic in- 
cision and, no doubt, clotting of blood is promoted between the fabric and the 
incised blood vessel wall and in the suture holes of the fabric and the blood 
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vessel wall. Using many fine interrupted sutures (Fig. 3), it is possible to 
suture this particular operative tunnel to the aortic incision so that there is 
no blood loss whatsoever. 

In the course of performing these operations on 20 mongrel dogs* we have 
developed a technique that regularly allows us to suture the operative tunnel 


*The experimental studies were performed at Saint Mary’s Memorial Hospital in Knox- 
ville, Tenn. 
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to the aorta, carry out digital and instrumental maneuvers at or below the 
level of the valve cusps, remove the tunnel device, close the aorta, and have 
the animal survive.® 

In the animals the Satinsky clamp suffices for isolation of a longitudinal 
aortic segment to receive the operative tunnel. On one human patient this 
instrument proved inadequate because of slipping. We have since utilized a 
curved clamp with serrated blades (Fig. 2). The principle of the purse string 
is used here as in the auricular appendage (Fig. 4). Sometimes the root of the 
aorta is overlapped by the right auricular appendage. In such a case the ap- 
pendage is retracted by placing a suture in its tip (Fig. 4). 


INTRODUCTION OF UNGLOVED 
FINGER 


ATRIUM 


AURICULAR 
APPENDAGE 


VENTRICLE 


The presence of a fat pad over the root of the aorta is constant in human 
beings (Fig. 2). This must be dissected in order to give a clear access to the 
vessel. Occasionally we have sutured this tissue to the aortic opening to give 
more strength in the closure. : 

In order to place the aortic clamp, there are two maneuvers which are 
helpful. The vessel is pulled forward by gripping the adventitia with a suit- 
able instrument. The vessel is pushed forward by inserting a finger behind the 
aorta in the suleus transversus of Theile. 

When we first applied this operative method to the treatment of aortic 
stenosis in a human patient we were using tunnel devices made of rubber of 
the approximate thickness of a surgical glove. 

Experience based upon six animal operations led us to believe we could 
suture this device to the aortic incision so that there would not be appreciable 
blood loss. We reasoned that the pressure distal to a stenosed aortic valve 
would not be appreciably greater than that in the normal aorta of a large ani- 
mal. This proved to be erroneous. 


CASE REPORTS 


CASE 1.—Patient M. A. J., aged 39 years, was lost because of excessive bleeding. 
Blood was lost in considerable amounts at the line of suture of the rubber tunnel to the 
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aorta. In addition the tunnel became dilated and distended. We feared it would rupture. 
Additional blood was lost in an attempt to break open the calcified commissures with a 
clumsy instrument similar to a Kollmann urethral dilator. 


CASE 2.—Patient C. E. C., aged 26 years, was lost as a result of bad judgment in 
placement of the aortic clamp. A lip of aorta was isolated anteriorly as usual in the clamp. 
The electrocardiogram immediately revealed an increased depression of the S-T segments. 
S-T segment depression of some degree was known to have been present for two and one- 
half years. A reapplication of the clamp resulted in improvement of the electrocardio- 
graph picture, but there was still some increased depression of the S-T segments over the 
preoperative status. We unwisely decided to accept this situation and proceeded to incise 
the aorta and suture the tunnel in place. We do not like to hurry this suturing. It must 
be extremely meticulous or there will be dangerous leakage. After the device was in 
place, but before surgery was done on the diseased valve, ventricular fibrillation occurred. 
Cardiac massage was begun immediately and later the ventricles were defibrillated by 
means of electric shock. However, after a short interval the fibrillation recurred and we 
were unable to alter the situation. The patient expired one hour and twenty minutes after 
the initial onset of fibrillation. 

This patient had significant aortic insufficiency. Narrowing of the aorta above the 
anterior leaflet by application of the clamp undoubtedly resulted in further interference 
with coronary blood flow. Because this interference was prolonged for thirty minutes 
while the tunnel was sutured in place, the coronary insufficiency proved incompatible with 
survival. Better judgment dictates that a more lateral or posterior application of the 
clamp be used and that the clamp not be left in place if there is any evidence that its 
presence decreases the coronary blood flow. 


DIGITAL. EXPLORATION 
OF THE AORTIC VALVE 


In this operation a tunnel of cloth lined with plastic was used and it was completely 
satisfactory in that there was no blood loss and there was adequate freedom of approach 
to the aortic valve. 


CASE 3.—Patient W. E. N., aged 33 years, has been operated on with complete success. 
No blood loss occurred at the line of suture. Blood loss about the finger and the instruments . 
used was insignificant. In this patient it was possible to open two of the commissures with 
the finger. The third was cut open with a Bailey-Glover-O’Neil guillotine knife (Fig. 5). 
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CAsE 4.—Patient C. B., 48 years old, was operated on for aortic stenosis July 20, 1954 
(after this paper was presented), according to the technique herein described. Satisfactory 
dilation and commissural fracture were accomplished with the finger alone. The surgery was 
uneventful and the patient was discharged improved on the tenth postoperative day. 


Application of this operative method to other areas of the heart is tech- 
nically less difficult. As a matter of fact, our interest in such a device as is 
described here was first occasioned by the necessity for exploring the left 
auricle in a patient who had previously been operated upon for mitral stenosis. 


PULMONARY 
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TURE: 


From previous experiences, we were convinced that the approach through the 
superior pulmonary vein is at best a hazardous one, and that operative ma- 
neuver is markedly limited. Suture of a tunnel device to the auricle of the 
approximate size and shape of a large auricular appendage allows safe in- 
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cision of the auricular wall and freedom for operative maneuver. It is sug- 
gested that this method of entering the left auricle might be utilized when a 
thrombosed, or calcified appendage is encountered, but sufficient normal auric- 
ular tissue is available elsewhere. It is further suggested that this method 
may be found useful when a satisfactory operation for mitral insufficiency is 
available and is applied to patients previously explored or operated upon for 
mitral stenosis. 

The indifferent results which sometimes follow the Brock operation for 
so-called pure pulmonic stenosis led us to apply this method to approach the 
pulmonic valve through the pulmonary artery in one patient (C. D., aged 9 
years). We reasoned that this method would allow an accurate assessment of 
the status of the stenosed valve both before and after it was opened. More 
recent information’ would seem to indicate that the indifferent or poor results 
have occurred in patients who had an associated infundibular stenosis and that 
inadequate pulmonary valvulotomy may not have been responsible for the 
failures. 

Using this method in one patient (G. H., aged 20 years), we approached 
the interventricular septum, and closed a septal defect through the infun- 
dibular area of the right ventricle. The operative technique used was a modi- 
fication of that described by Kay and Zimmerman.® Our modification (Figs 
6-8) allows the operation to be done without blood loss and with more latitude 
for exploration and suture. 


A similar approach is suggested for operative attack on infundibular 
stenosis. 


SUMMARY AND CONCLUSIONS 


The authors have devised an operative tunnel made of fabric and plastic 
which may be sutured to the walls of the heart cavities and the great vessels 
as an aid in performing surgery on the cardiac septa and valves. 

Operative technique utilizing the tunnel device has been perfected in ani- 
mal experiments so that the operations are now regularly performed without 
blood loss. 

Application of this method to human patients is now possible even in the 
high pressure areas of the aorta and ventricles. 

Further trial of the method is justified, particularly in the treatment of 
aortic stenosis, inasmuch as it is the only method available other than eardi- 
otomy in a bloodless field which allows any appraisal of the nature of the 
pathology before surgery and for any assessment of what has been accom- 
plished. 
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_ DISCUSSION 

DR. W. E. BLOOMER, New Haven, Conn.—Dr. William Glenn of Yale could not be 
here today, and asked me to discuss the paper by Dr. Swann, Dr. Bradsher and Dr, Rod- 
riguez-Arroyo with reference to artificial operative tunnels, and to describe the method 
of approach to the chambers of the heart and great vessels through a closed pouch or 
diverticulum that was developed at Yale in 1952 and first reported in the Yale Journal of 
Biology and Medicine in February, 1953. The diverticulum used by Dr. Glenn is made of 
molded latex.* This method has now been used to approach the chambers of the heart 
in approximately 100 animal experiments. It has been employed successfully in one pa- 
tient to approach the mitral valve where entry through the auricular appendage was not 
possible. The patient was a 51-year-old white woman with Grade IIT to IV mitral stenosis. 
The incision in the left auricle remained open for more than an hour. There were no 
complications; the patient is living and much improved four months after operation. 

The following method of sewing on the rubber diverticulum is used: The diverticulum 
is placed between the point of entry of the pulmonary vein and the auriculoventricular 
groove. The finger is passed through the diverticulum into the auricular chamber. Here 
the finger is obturating the incision as closure is begun by taking a deep mattress suture. 

The method of closure which has been used by Dr. Glenn is a ‘‘parallel bar method,’’ 
making use of two pieces of spiit polyethylene tubing. A deep mattress suture is placed 
through these and the polyethylene prevents the suture from cutting into the myocardium. 
This suture can be snugged up by use of this modified type of Bethune lung tourniquet 
provided with a long cross bar at the end. 

The diverticulum has also been used for approach to the right ventricular chamber in 
an infant with eyanotie heart disease and severe decompensation. Although the child did 
not survive the operative procedure, the death of this desperately ill infant was not be- 
lieved to be due to the sewing on or removal of the diverticulum, or to the exploration of 
the right ventricle. 

Before this technique is used in human beings by one not familiar with its use, it is 
advised that the technique first be applied to the hearts of a number of animals. 


*Available at the Seamless Rubber Company, New Haven, Conn. 
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CARDIOANGIOGRAPHY 


Puiuie W. M.D. (By nviTaTION), CHARLES W. WILSON, M.D. (By 
INVITATION), Hucu A. Creee, M.D. (By INVITATION), AND Karu P. Kuassen, M.D. 
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N 1933 Reboul and Racine! reported on the direct injection of contrast media 
into the right and left ventricles of dogs by means of an intercostal approach. 
In 1936 Nuvoli? successfully injected a sodium iodide solution intereostally into 
the left ventricle of a patient with an aortic aneurysm. In 1951 Ponsdomenech 
and Nunez® reported 45 ventricular punctures in 30 human beings without 
mortality. A subxyphoid approach to the diaphragmatic surface of the heart 
was employed, and 70 per cent Diodrast injected. This procedure was desig- 
nated ‘‘Cardioangiography’’ by these investigators. 
From a radiographic standpoint the method showed promise of improved 
visualization of the heart and great vessels when compared with conventional 
angiocardiography. Further evaluation of this procedure seemed warranted. 


METHOD 


Seventy-five ventricular punctures were carried out in 18 dogs, injecting 70 per cent 
Diodrast* into the right or left ventricle. Electrocardiograins were made before, during, 
and after the procedure. Fluoroscopie or radiographic visualization of the animals’ hearts and 
great vessels was accomplished during the injection. The dogs that died were autopsied 
and those which survived were sacrificed and autopsied at intervals from immediately to 
fifty-three days after the last ventricular puncture. Gross and microscopic observations 
of the heart and other organs in these animals were recorded, 

An intercostal approach to the heart was utilized for the first fifteen punctures, but 
was abandoned after one laceration of a coronary vessel. The remaining sixty punctures 
were done by the subxyphoid approach to the diaphragmatic surface of the heart where the 
coronary vessels are smaller and more infrequent. No coronary vessel lacerations were 
encountered by this approach, 

The technique in dogs consisted of anesthetizing them lightly with intravenous 
Nembutal and placing them on their right side. A 4 inch 17 gauge needle was then in- 
serted in the left subxyphoid region and directed to the diaphragmatic surface of the 
heart where the right or left ventricle was punctured. Ten cubic centimeters of 70 per 
cent Diodrast was injected rapidly manually and the fluoroscopic or radiographic observa- 
tions were made. 

RESULTS 


A cardioangiogram with the needle in the right ventricle (Fig. 1) and one 
with a left ventricular puncture (Fig. 2) demonstrate the result obtained in 
dogs with the injection of 10 ¢.c. of the contrast media. Serial films taken 


m The Frederick C. Smith Clinic, Marion, Ohio, ane The Division of Thoracic Surgery, 
The Onio"’ State University Health Center, Columbus, Ohio. 
Aided by a Grant from the Central Ohio Heart Association. 
Read at the Thirty-fourth Mots of The American Association for Thoracic Surgery at 
Montreal, Quebec, May 3 to 5, 
*Supplied by Winthrop pag Corporation. 
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1. Fig. 2. 


Fig. 1.—Cardioangiogram in dog with needle in right ventricle and 10 c.c. of 70 per cent 


Diodrast injected. 
Fig. 2.—Cardioangiogram in dog with needle in left ventricle and 10 c.c. of 70 per cent 


Diodrast injected. 
with the Fairchild casette changer* revealed no appreciable loss of contrast 
from the right to the left side of the heart when the injection was made 
initially into the right ventricle. Since no leakage occurred through the 
mitral or tricuspid valves, the only dilution of the media is with the blood con- 
tained in the ventricle and its outflow tract. 
Electrocardiographie changes encountered in the dogs are presented in 
Table I. When the needle tip encountered the ventricular wall, transient 
extrasystoles constantly appeared. These ordinarily disappeared when access 


TABLE I. ELECTROCARDIOGRAPHIC CHANGES IN CARDIOANGIOGRAPHY IN Docs 


TYPE OF CHANGE FREQUENCY 


. Ventricular extrasystoles Constant 

. Ventricular fibrillation 1 Occasion 
3. Ventricular tachycardia 2 Occasions 

. Ventricular asystole (1-3 beats) 2 Occasions 

. Positional changes Frequent 

. Other changes Occasional 


was gained to the ventricular chamber. Only one animal developed ventricu- 
lar fibrillation ; this followed five cardiae punctures in rapid succession and the 
intrapericardial and intramyocardial injection of a portion of the Diodrast. 
This was the only dog which died as a direct result of the procedure among 


*Lent by the Picker X-ray Corporation. 
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the sixty subxyphoid punctures. Ventricular tachyeardia was induced once 
following the injection of a large amount of Diodrast over a long interval in 
a purposeful attempt to produce ventricular fibrillation. The ventricular 
tachycardia persisted for forty-eight hours and then reverted to a sinus 
rhythm. The other dog which developed ventricular tachycardia followed an 
intereostal puncture of the left ventricle and it was sacrificed to determine 
the cause of the arrhythmia. Intramyocardial injection of a portion of the 
contrast media was found in the wall of the left ventricle. The sharp long- 
beveled needle which we employed in our animal work probably contributed 
to this danger. Presumably this dog would have died; it is ineluded as a 
mortality from the procedure. On two occasions ventricular asystole occurred 
during injection of the contrast media, but sinus rhythm spontaneously re- 
curred after one to three missed beats. Other transient arrhythmias were oc- 
casionally encountered during or immediately after injection of the Diodrast. 


TABLE II. COMPLICATIONS OF CARDIOANGIOGRAPHY OCCURRING WITH 15 INTERCOSTAL 
VENTRICULAR PUNCTURES IN 6 Dogs 


TIMES | 
TYPE OF COMPLICATION | OCCURRED CLINICAL EFFECT 
. Intramyocardial injection of 1 Ventricular tachycardia; sacrificed promptly 
portion of contrast media but presumably would have died 
. Laceration of coronary artery 1 Cardiac tamponade; died in one hour 
. Perforation of lung + Bilateral pneumothorax and pulmonary atelec- 
. Cerebral damage and_ renal 1 tasis resulted in death of first dog in series; 
damage (overdose of 70 per other three showed no clinical effect 
eent Diodrast) Convulsions ending in death twenty-four hours 
later; gross hematuria before death 


Other electrocardiographic changes noted included increase or decrease 
in the rate of the heartbeat, increase or decrease in the height of the QRS 
complexes, deepening of the Q waves and inversion of the T waves. Some 
of these changes apparently resulted from alterations in the position of the 
heart induced by the pressure of the needle; they disappeared after with- 
drawal. The significance of these changes is being further evaluated at the 
present time and the electrocardiographie studies will be reported in more 
detail elsewhere. 


TABLE III. COMPLICATIONS OF CARDIOANGIOGRAPHY OCCURRING WITH 60 
SUBXYPHOID VENTRICULAR PUNCTURES IN 13 Dogs 


TIMES 

TYPE OF COMPLICATION | OCCURRED CLINICAL EFFECT 

. Intramyocardial injection of portion of con- 1 Ventricular fibrillation and death 
trast media 

. Mild laceration of left lobe of liver 1 None 

3. Intrapericardial injection of portion of con- 2 None 
trast media 

. Renal damage (contrast media other than 2 Transient gross hematuria 
Diodrast employed ) 


The complications and mortality occurring as a direct result of this pro- 
cedure in dogs is depicted in Tables II and III. Four of the five dogs which 
died as a direct result of the procedure were in the group in which the inter- 
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costal approach was employed. Focal pulmonary hemorrhage where the 
needle had perforated the lung was found in four of the six dogs in which 
the intercostal approach was utilized. The first dog in our series died of 
bilateral pneumothorax with massive pulmonary atelectasis as the result of 
our manipulation in attempting to learn how best to puncture the heart in 
dogs. A viscus other than the heart was known to be injured only once in the 
series of subxyphoid punctures. This dog sustained a small laceration of the 
liver which was discovered at autopsy four days after the last ventricular 
puncture. The dog had suffered no clinical ill effects. The dog that sustained 
cerebral injury had a total of 55 ¢.c. of 70 per cent Diodrast injected into the 
left ventricle at one time; it also had gross hematuria before death. The other 
two dogs with gross hematuria each had 10 ¢.c. of a contrast media other than 
Diodrast employed. Gross hematuria was not observed with doses of 70 per 
cent Diodrast up to 30 ¢.c. Laceration of the anterior descending branch of 
the left coronary artery resulting in cardiac tamponade convinced us of the 
increased dangers of the intercostal approach. Intrapericardial injection of 
a few cubic centimeters of the Diodrast did not result in significant electro- 
eardiographie or clinical changes. Intramyocardial injection of the media 
resulted in ventricular tachycardia in one instance, at which time the dog was 
sacrificed, and ventricular fibrillation and death in the second instance. To 
help obviate this danger, a short-beveled needle was especially made for the 
human eases, but was not utilized in the animal work. Such a needle, with 
a free backflow of blood, should assure free access to the ventricular chamber. 

The maximum number of ventricular punctures in any one dog was seven- 
teen, accomplished in ten sessions. This dog demonstrated no significant per- 
manent electrocardiographie alterations and suffered no clinical ill effects. 
The maximum number of ventricular punctures accomplished in any one dog 
at one time was five. No significant permanent electrocardiographie changes 
were noted from this repeated trauma, but multiple consecutive punctures of 
the heart have not been employed by us in human cases. __ 

Five of the eighteen dogs utilized in this experiment were in poor health 
from old age or advanced carcinomatosis. During the course of the experi- 
ments two dogs died of inanition and one died of intercurrent pneumonia. 
These findings were confirmed by gross and microscopic observations made at 
autopsy. One dog died from anesthesia before cardiae puncture was done. 

Aside from the one dog with massive intrapericardial hemorrhage, only 
a few cubic centimeters of blood or bloodstained fluid was found in the peri- 
cardial cavity at autopsy in those dogs which were sacrificed within three 
days of the last puncture. Those dogs sacrificed after three days did not show 
evidence of blood in the pericardium and no pericardial adhesions were noted. 
The needle puncture marks in the epicardium and myocardium were often 
difficult to identify at autopsy but minute subepicardial and intramyoeardial 
areas of hemorrhage were sometimes visible in those dogs sacrificed in the 
first few days after the last ventricular puncture. The endocardium rarely 
showed evidence of the site of puncture. In the two dogs with intramyocardial 
injection of the Diodrast there was extensive intramyocardial hemorrhage and 
the heart wall was locally swollen and discolored. The later gross patho- 
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logic changes found in dogs sacrificed at intervals up to fifty-three days after the 
last ventricular puncture consisted in the formation of a tiny patch of fibrin- 
ous exudate on the epicardial surface over the visible needle puncture sites, 
finally progressing to focal scarring. Microscopically, the early changes noted 
at the site of puncture in the myocardium were focal hemorrhage followed 
by focal inflammatory reaction. Focal scarring was the end result, often de- 
tected only microscopically. 


DISCUSSION 


It is apparent that during the investigation of cardioangiography in dogs, 
most of the complications were encountered which theoretically could be 
anticipated. The dangers of cardioangiography as they were assessed in 
animals and the measures adopted to minimize such dangers in application 
of this method to patients are summarized in Table IV. Cardioangiography 
has been undertaken in six human eases without mortality. 


TABLE IV. DANGERS OF CARDIOANGIOGRAPHY AND MEASURES ADOPTED TO 
MINIMIZE THESE DANGERS 


DANGER MEASURE TO MINIMIZE DANGER 
. Intramyocardial injection of Short-beveled needle with free backflow of blood 
contrast media 
. Coronary vessel laceration Single puncture of diaphragmatic surface of heart 
. Myocardial ischemia Rapid injection of limited quantity of contrast media 
. Ventricular fibrillation or car- Oronasal oxygen during procedure; continuous electro- 
diac arrest cardiograph during procedure, being fully prepared 
for cardiac resuscitation 
. Perforation of other viscus Decompression of stomach; proper direction of needle 
. Cerebral or renal damage from Limited quantity of contrast media 
contrast media 


The procedure is accomplished painlessly with local anesthesia in a prop- 
erly sedated patient. However,:a competent anesthetist is at hand and 
provisions are taken to insert an intratracheal tube and to carry out re- 
suscitative measures should they become necessary. Thoracotomy instruments 
are available in the event that cardiac massage or cardiac defibrillation is 
required. Preliminary electrocardiographic tracings are made with the usual 
leads. An intravenous infusion of saline is usually started and a pint of blood 
is held in reserve. Procaine was given intravenously during the procedure in 
one patient. 

The equipment (Fig. 3) used for cardioangiography is simple and readily 
available. The patient is placed on his back or with the left side tilted forward 
to any desired degree. A small incision is made in the anesthetized area of the 
skin in the left subxyphoid region. A 15 gauge 514 inch short-beveled needle 
attached to a 20 ¢.c. Luer Lok syringe containing 20 ¢.c. of 70 per cent Diodrast 
is employed. A continuous electrocardiographie tracing is started as the 
needle is inserted through the incision in the skin and the operator. is kept 
informed of any significant alterations in the pattern. The needle is ad- 
vaneed superiorly beneath the costal margin, more toward the patient’s left 
to puncture the left ventricle and more toward the midline to puncture the 
right ventricle. When the tip of the needle contacts the heart, the operator 
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is aware of the pulsation and the needle is advanced into the ventricle. The 
flow characteristics and the color of the blood coming back into the syringe 
determine which ventricle has been entered. In one instance where puncture 
of the left ventricle was desired, the right ventricle was entered first and it 
was necessary to traverse the interventricular septum before access to the 
left ventricle was obtained. As soon as a free backflow of blood has been ob- 
tained, the Diodrast is injected as rapidly as possible and the proper x-ray 
exposures are made. It is important to hold the needle steady while it is in 
the heart, not only to maintain its proper position, but also to prevent the 
needle tip from flopping around and inducing further ventricular extrasys- 
toles. Immediately after the injection the needle is withdrawn and the pa- 
tient’s vital signs are carefully observed for a period of fifteen minutes. Fur- 
ther electrocardiographie tracings are made at intervals during this period 
of time. The patient is then returned to his room and further carefully ob- 
served for the next twenty-four hours, particularly for cardiae tamponade. 
The paucity of coronary vessels on the inferior surface of the heart makes 
this complication unlikely but not impossible. Another electrocardiogram is 
made the following day. 

The question of aneurysm was raised in an elderly lady with a superior 
mediastinal tumor. Twenty cubic centimeters of 70 per cent Diodrast was 
injected into her left ventricle and the resulting cardioangiogram (Fig. 4) 
showed the tumor to be extravascular. At operation it proved to be a malig- 
nant thymoma. Cardioangiography in a young man with an enlarged left 
ventricle revealed an entirely competent mitral valve (Fig. 5). 

The amount of Diodrast which can be injected safely into the ventricle 
is not known. At present the quantity is limited to 20 ¢.c. The Cuban in- 
vestigators® used 50 ¢.c. of the media injected with a measured-pressure 
device. Manual injection was used in our six cases. There is no definite 
evidence that Diodrast has a deleterious effect per se on the coronary vessels 
or on the myocardium but its known toxicity to the brain indicates that as 
yet it is not the ideal contrast media for this purpose. Pearl* passed a catheter 
through the femoral or carotid artery to the aortic sinus in dogs and could 
regularly successfully demonstrate the coronary arteries with injection of 
4 c.c. of 70 per cent Diodrast. He did not note any electrocardiographie ab- 
normalities with this dosage. Presumably any substance which would displace 
the blood in the coronary arteries for a sufficient period of time to result in 
myoeardial ischemia would give rise to complications. We believe it is im- 
portant to inject the Diodrast in less than two seconds to reduce its time of 
coronary transit. 

Cardioangiography has not been attempted in children and patients with 
cyanosis. The results of the procedure in our six human cases are presented 
in Table V. On the second patient an attempt was made to introduce 40 c.e. 
of 70 per cent Diodrast into the left ventricle, but because of technical diffi- 
culties it was injected too slowly. Ventricular fibrillation resulted and ear- 
diac massage was required to restore a sinus rhythm. The patient recovered 
uneventfully, though he has an inoperable aneurysm of the thoracic aorta 
which has bled on several occasions. The most likely explanation of the 
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Fig. 3.—Equipment used in cardioangiography. The needles for cardiac puncture in adults 
are 5% inches in length and 17, 15, and 13 gauge. Note the short bevel. 


Fig. 4. Fig. 5. 


Fig. 4.—Cardioangiogram in 73-year-old woman with a malignant thymoma in the right 
anterior superior mediastinum. Twenty cubic centimeters of 70 per cent Diodrast was injected 
into the left ventricle. 


Fig. 5.—Cardioangiogram in a 30-year-old man with an enlarged left ventricle and a 
competent mitral valve (see arrow). Twenty cubic centimeters of 70 per cent Diodrast was 
injected into the left ventricle. 
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ventricular fibrillation in this case was the rather prolonged period of myo- 
cardial ischemia due to the prolonged coronary transit of the media. The 
radiograph showed the coronary arteries filled with Diodrast. No significant 
complications were encountered in the other five cases. 

The number of cases reported here is not sufficient to evaluate the possible 
radiographic advantages of the method. Sufficient promise has been shown 
to indicate that the theoretical advantages may be realized. Better delineation 
of the topography of the left side of the heart, the mitral and aortic valves, 
and left-to-right shunts should be possible with this method. The presence of 
mitral regurgitation was demonstrated in two cases by Nunez and Ponsdom- 
enech,° and in one ease by us. . Rapid serial x-ray exposures will probably be 
required to realize the full value of the procedure. 


TABLE V. CARDIOANGIOGRAPHY IN HUMAN BEINGS 


PA- AGE | WEIGHT COMPLICATIONS ELECTROCARDIO- CLINICAL 


TIENT | (YR.)| (KG.) DIAGNOSIS OF PROCEDURE | GRAPHIC CHANGES EFFECT 
43 93 Aneurysm of in- Distended Ventricular extra- No harmful 
nominate artery stomach systoles; ven- effect 


entered once tricular asystole 


Bleeding aneurysm 40 ¢.c. 70 per Ventricular extra- Cardiac massage, 


of arch and de- cent Diodrast —systoles; ven- sinus rhythm 
scending thora- injected in 5 tricular fibrilla- restored in 
cie aorta sec. tion 180 see.; un- 
eventful re- 
covery 
M. I. 73 52 Malignant None Ventricular extra- No harmful 
thymoma systoles effect 
F. R. 30 70 ~=Coaretation of None Ventricular extra- No harmful 
’ aorta systoles effect 
A.C. 39 70 Mitral stenosis, re- Access to right Ventricular extra- No harmful 
gurgitation (?) ventricle but _systoles effect 
not left 
J.L. 44 64  Coarctation of None Ventricular extra- No harmful 
aorta; mitral in- systole effect 
sufficiency 


SUMMARY AND CONCLUSION 


1. The technique and complications of cardioangiography in dogs and 
human beings have been presented. 

2. Cardioangiography when properly applied with certain safeguards 
may prove to be of value in the radiographie differential diagnosis of lesions 
of the heart and great vessels. 
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COMPOSITE VENOFASCIAL AUTOGRAFTS: CREATION AND 
EMPLOYMENT 


AN EXPERIMENTAL STUDY 


Newton Cuun, M.D. (By INvITATION), RICHARD Forney, M.D. (By INVITATION), 
AND Eqapert H. M.D. (By rNviTaTIon) 
Cuicaao, IL. 


URRENT development of the blood vessel bank and the use of homologous 
arterial grafts have extended the therapeutic scope of vascular surgery. 
It is now a practical consideration to surgically attack segmental disease of 
the aorta and its major trunks by resection and replacement with homologous 
transplants. With the demonstration of tissue survival and low incidence of 
degeneration in experimental autogenous vascular grafts, the employment of 
such native grafts becomes desirable. The additional fact of the indispens- 
ability of the human arterial tree makes any source of workable autologous 
tissue tubes welcome. It was with this background in mind that this experimen- 
tal study was undertaken to test the feasibility of forming composite autologous 
tubes for vascular transplantation. 


METHOD 


Apparently healthy dogs weighing between 18 and 30 pounds were em- 
ployed. In the initial study the feasibility of forming a vein-lined fascial 
layer was tested by the implantation of external jugular vein segments on 
fascia. The fascial sites used were: fascia lata, lumbodorsal fascia, fascia of 
the external oblique, and rectus abdominis. 

Further experiments were then designed in which the freshly-sutured 
venous segments were placed on fascia and were wrapped together around 
nonreacting plastic stents (polyethylene and methyl methacrylate), undisturbed 
fascial pedicles at both ends of the stent maintaining blood supply. The 
tissue tubes with stents were in situ for periods ranging from seven to fifty- 
two days before recovery and transplantation into the aorta. 

Nineteen such venofascial tubes were recovered and transplanted as auto- 
grafts in the thoracie and abdominal aorta for periods of 2 to 156 days before 
aortograms were taken and the animals sacrificed for gross and histologic 
study (Fig. 1). 

RESULTS 


In control sections of fresh segments of the external jugular vein placed 
on the fascia of the external oblique and rectus abdominis, the anatomy of 
vein and fascia is clearly shown (Fig. 2). The tunica intima of the external 
jugular vein consists of an endothelium supported by a loose fibrillar collag- 
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enous subintima. The tunica media is composed primarily of scattered cir- 
cular smooth muscle fibers in a collagenous matrix. Because both intima and 
media are extremely thin, these two layers are frequently taken as one. The 
tunica adventitia is the thickest layer and is composed of loose collagenous 
strands carrying a delicate elastic network. This elastic network varies in 
thickness from two to four fibrils deep, and in some areas is totally absent. 
A wide cleft separates the vein from the thick, coarse collagenous bundles 
composing the fascial sheet. 


Construction of 
Autograft 


Plastic tod 


Vein sutured to 
fascia 


External 
oblique fascia 


E. Side view of autograft 


Fig. 1. 


In the first phase of the experiment it was desired to determine the fate 
of fresh jugular vein segments buried on a fascial bed. Segments of external 
jugular vein measuring from 6 to 8 em. in length were sewn as rectangles on 
fascia in eight experiments. In 9 to 24 days re-entry of these sites disclosed 
serouslike cavities with smooth and glistening surfaces (Fig. 3). 
Microscopically, the original venous endothelium and subintimal layer had 
disappeared and were replaced by a loose proliferation of fibroblastic elements 
forming a fibroserous lining. The identifiable remnant of original vein is the 
narrow fibroelastic layer immediately over the unchanged intact fascia. 
Stains for smooth muscle identification reveal scattered smooth muscle cells 
which may or may not be in relation to proliferating capillaries (Fig. 4). 
Grossly, the autologous tubes after implantation with stents for periods 
ranging from 7 to 52 days retained the tubular shape of the stents and had 
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Fig. 2.—Photomicrograph of fresh external jugular vein segment and fascial bed (con- 
trol). Ev, Endothelium; Mv, muscularis; Av, adventitia of vein; Fas, collagenous bundles 
of fascia. (Hematoxylin and eosin stain.) 


Fig. 3.—Twenty-two-day ‘implantation of jugular vein segments on fascia showing fibro- 
serous transformation of surgical cavity. 


v 
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Fig. 4.—Photomicrograph of 22-day-old venous implantation on fascia. A, Fibrocellular 
layer with fibroserous lining which has replaced venous endothelium; 8B, surviving venous 
fibroelastic layer; C, surviving fascial layer. Note scattered smooth muscle cells in layer B 
and fusion of venous and fascial layers. (Hematoxylin and eosin, Phosphotungstic Acid and 


Hematoxylin stains.) 
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Fig. 5.—One-day-old aortic transplant after 24-day implantation. L, Aortic lumen; 
F, fibrin deposit on graft lining; Gv, persisting fibroelastic venous layer; Fas, fascial jacket. 


(Weigert’s elastic stain.) 
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firm walls and margins which could be manipulated and sutured. The plastic 
stents slipped out easily and the tubes were lined with a glistening membrane. 

Microscopically, the collagenous bands composing the original fascial bed 
are well preserved and viable. Three layers are evident: the external heavy 
collagenous fascial jacket, the fibroelastic remnant of the original venous wall, 
and an internal fibroserous lining resting on loose fibrocellular elements (Fig. 
5). 


Junctional Tissue 


— Aorta —+, <— Graft —»,<—Ao.— 


Fig. 6.—A, High-power photomicrograph showing proliferating junctional tissue (J.T.) 


twenty-four hours after grafting. Endotheliozation proceeds centripetally from junctional 
tissue toward center of graft. (Hemotoxylin and eosin stain.) B, The drawing indicates the 
location from which the photomicrographic study was made. 


During the first nine days after aortic transfer, the graft becomes sur- 
rounded by vascular granulations and the intimal surface becomes coated with 
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a thin fibrin layer. Reconstruction and resurfacing of the graft proceeds 
centripetally from the junctional host tissue at the anastomotic lines and 
creeping endotheliozation is grossly evident at three weeks. The center of 
the graft, therefore, is the last zone to be covered by proliferating host endo- 
thelium. 

Microscopically, within the first twenty-four hours endotheliozation by 
ingrowth of junctional tissue begins (Fig. 6). The aortic stream covers the 
graft lining with a thin fibrin layer and replacement of the graft fibroserous 


Fig. 7.—An aortic graft 121 days old. A, Cellular layer, the product of junctional tissue 
replacement; B, original fibroelastic venous layer; C, original collagenous bundles of fascial 
jacket. (Hematoxylin and eosin stain.) 


Fig. 8.—Gross appearance of 121-day-old aortic graft. 


lining proceeds by fragmentation, hyaline degeneration, and absorption. The 
proliferating aortic endothelium eventually completely relines the graft (Fig. 
7). The original fascia and fibroelastie venous layer survive. 


; 


CHUN ET AL.: COMPOSITE VENOFASCIAL AUTOGRAFTS 287 


+ ares aortograms: A, 156-day-old graft; B, 121-day-old graft; C, 113- 
dipole “srait; D, 84-day-old graft. Most grafts showed disproportion. Factors of dispropor- 
tion were not appreciated till "late in study. Later grafts improved (D). 
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The evidence of degenerative changes was characterized by microscopic 
calcific deposits in one graft at 70 days. In three grafts foeal hyaline deposits 
were found at 35, 37, and 70 days. There was slight dilatation in one graft. 


DISCUSSION 


The search for a ready source of autogenous grafts is well expressed by 
Sauvage and Harkins** when they state, ‘‘The hypothesis that from small 
veins one could make a large caliber graft which, when properly supported, 
would not undergo dilatation is most attractive. Such grafts would have the 
dual advantages of availabilty and autogenicity.’’ The composite autog- 
enous tubes fashioned and transplanted into the arterial stream in this ex- 
perimental investigation have tested this hypothesis and demonstrated the 
availability of tubes which can be created as to precaleulated dimensions, 
strength, and contour. 

Experimentally, viability characterizes autogenous aortic grafts while 
host connective tissue replacement occurs in homologous transplants. In this 

~ study the survival and persistence of the venous and fascial elements and the 
low incidence of degenerative changes are promising as to long-term prognosis. 

The fate of the venous intima is unequivoecably death. The fibroserous 
lining which replaces the venous intima is,:in turn, replaced by the aortic 
endothelium in the aortie stream. 

One graft in this series was found to have significant dilatation. How- 
ever, disproportion between graft and the recipient aorta was prevalent 
initially in the study until the factor of disproportion was appreciated. 


SUMMARY 


1. An experiment to test the feasibility of forming composite autologous 
tubes was undertaken. 

2. Nineteen such venofascial tubes were recovered and transplanted into 
the thoracie and/or abdominal aorta. — 

3. The fate of the venous and fascial elements is one of survival except 
for the venous intima, which disappears early. In the aortic stream, proliferat- 
ing junctional tissue resurfaces the graft lumen with endothelium. 

4. A method for fashioning composite venofascial tubes for arterial 
transplantation is presented. 
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DISCUSSION 


DR. EGBERT H. FELL, Chicago, Il.—I wish to encourage the further work on crea- 
tion of autogenously vesseis. We, too, have used homogenous aortic grafts and have been 
pleased with the early results. You all know the unhappy results encountered with all classes 
of tissue grafts of homogenous origin. That is why Dr. Chun and Dr. Forney have worked 
so diligently; I have seen the vessels they created and would now be willing to utilize such 
an autogenous created vessel of vein and fascia as a substitute in the human aorta. It is 
autogenous, it is living material that will live, and should bear up for many years. The sub- 
stitutes of plastic materials that are now being used, particularly those brought out by Dr. 
Blakemore, may make this procedure obsolete. However, more time will be needed to prove 
that. When we know how to transplant homogenous tissues, this procedure will be obsolete 
again; until then, however, I believe greater effort must be concentrated along this line. 
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EXPERIMENTAL ESOPHAGOGASTRECTOMY: EVALUATION OF 
ASSOCIATED GASTRIC-DRAINAGE PROCEDURES 


Harotp W. NEuMAN, M.D., C.M.* (By INVITATION), AND 
F. Henry Eis, Jr., M.D.** (By INVITATION) 
ROCHESTER, MINN. 


SOPHAGOGASTRECTOMY as performed clinically is frequently compli- 

cated by the development of acid-peptic esophagitis.'* It has been demon- 
strated experimentally that esophageal mucosa is extremely sensitive to the 
effects of acid gastric juice. © Esophagogastrectomy with removal of all the 
acid-seereting portion of the stomach is rarely followed by esophagitis in the 
dog.” ® A previous study’ demonstrated the distinet advantages of a pro- 
cedure for the facilitation of gastric drainage carried out at the time of 
esophagogastrectomy. These include a reduced incidence of postoperative 
vomiting, maintenance of better nutrition, and longer postoperative survival. 
Pyloromyotomy was the only gastric-drainage procedure used in that study. 

The present study was undertaken primarily to compare the results of 
various gastric-drainage procedures performed in association with esophago- 
gastrectomy in which the entire acid-secreting portion of the stomach was re- 
moved. The study was extended in an attempt to evaluate the possible pro- 
tective effect of these gastric-drainage procedures against development of 
esophagitis when acid-secreting stomach remained after esophagogastrectomy. 


METHODS 


Adult mongrel dogs varying in weight from 6.7 to 19 kg. were used. Esophagogas- 
trectomy was carried out under anesthesia induced by intravenous administration of pento- 
barbital sodium; the technique has been described previously.? Briefly, this consisted of 
mobilization and resection of portions of the stomach and esophagus through a thoracotomy 
incision. The vagus nerves were divided. A tube of remaining stomach was fashioned by 
closing the lesser-curvature portion. End-to-end anastomosis between stomach and esoph- 
agus was carried out. 

The amount of stomach removed from the various groups of dogs is shown diagram- 
matically in Fig. 1. In Groups 1, 2, and 3, the stomach was transected at the proximal 
level of the antrum, thus removing the entire acid-secreting portion of the stomach. Total 
gastrectomy and esophagoduodenostomy were performed in Group 4. In Groups 5, 6, and 
7, only 70 to 80 per cent of the acid-secreting portion of the stomach was resected. 

Pyloromyotomy was performed in Groups 1 and 5. A long incision was made over 
the antrum, pylorus, and duodenum; all the layers superficial to the mucosa were carefully 
incised so that the pyloric sphincter was effectively divided and the mucosa pouted out 
through the incision. 


Read at the Thirty-fourth Annual Meeting of The American Association for Thoracic 
Surgery at Montreal, Quebec, May 3 to 5, 1954. 
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Pyloroplasty was performed in Groups 2 and 6. A longitudinal incision through all 
layers was made over the antrum, pylorus, and duodenum. The incision was then closed 
in a transverse direction with an inner running catgut suture and an outer layer of in- 
terrupted silk sutures. 

Antiperistaltic gastrojejunostomy was performed in Groups 3 and 7. The jejunum 
at a point just beyond the severed ligament of Treitz and at a point approximately 18 em. 
from the pylorus was anastomosed to the anterior wall of the most dependent portion of 
the remaining stomach. Anastomosis was carried out with an inner running catgut suture 
and an outer layer of interrupted silk sutures. 


Fig. 1.—Types of operative procedures done in the various groups of dogs. The shaded areas 
indicate the amount of stomach resected. 


In all groups, the newly constructed esophagogastric or esophagoduodenal anasto- 
moses were placed well within the thorax. Results in Groups 1 and 5 have been reported 
previously.7 

Postoperatively the dogs received nothing but water by mouth for two days. They 
were then given one feeding a day of a standard kennel ration., Studies of the gastric 
secretory response to histamine were made in Groups 2, 3, 6, and 7 before death of the 
animals. The animal was fasted on the morning of the test; 20 minutes after the sub- 
cutaneous injection of 1 mg. of histamine diphosphate, the stomach contents were aspirated 
and titrated for free acid. 

RESULTS 


A total of 44 dogs was used. The results are summarized in Table I. 


TABLE I. ESOPHAGOGASTRECTOMY AND ESOPHAGITIS IN Docs 


| ESOPHAGITIS AT NECROPSY 


LINEAR 
ONLY ULCERS* | NONE 


PER CENT OF ACID- 
SECRETING STOMACH DRAINAGE 
RESECTED PROCEDURE DOGS ° 
100 Pyloromyotomy 
100 Pyloroplasty 
100 Gastrojejunostomy 
Total gastrectomy Esophagoduodenos- 
tomy 
70-80 Pyloromyotomy 
70-80 Pyloroplasty 
70-80 Gastrojejunostomy 


*All dogs with ulcerative esophagitis had associated linear esophagitis. 
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Group 1.—Eight dogs underwent concomitant pyloromyotomy and esoph- 
agogastrectomy with removal of all the acid-secreting portion of the stomach. 
Postoperative vomiting was not a major problem in this group. All the ani- 
mals lost weight but not as much nor as rapidly as in the other groups. Two 
dogs died 23 and 25 days after operation; necropsy did not reveal esophagitis 
or the cause of death. The remaining 6 were killed by an overdose of pento- 
barbital sodium from 95 to 137 days after operation. A minimal degree of 
linear esophagitis was observed in 2 dogs; the remaining 4 showed no esopha- 
gitis. Thus, of 8 dogs in this group, none had significant degrees of esopha- 
gitis. 


Fig. 2.—a, Esophageal ulcer present at necropsy seven months after resection of entire 
acid-secreting portion of stomach and concomitant pyloroplasty. b, Esophageal ulceration 
present at necropsy 31 days after resection of entire acid-secreting portion of stomach and 
concomitant gastrojejunostomy. 

Group 2.—Five dogs underwent concomitant pyloroplasty and esophago- 
gastrectomy with removal of all acid-secreting stomach. Postoperative vomit- 
ing was more frequent and more severe than in the dogs in Group 1. All the 
animals lost weight. Three dogs died of inanition 42, 62, and 111 days after 
operation; necropsy revealed ulcerative esophagitis in 1 and no esophagitis 
in 2. The other 2 dogs were killed 211 and 226 days after operation; necropsy 
revealed ulcerative esophagitis in 1 (Fig. 2, a) and mild linear esophagitis in 
the other. Thus, of 5 dogs, 2 had esophageal ulcers and 1 had esophagitis. 


Group 3.—-Six dogs underwent concomitant gastrojejunostomy and esoph- 
agogastrectomy with removal of all acid-secreting stomach. Vomiting was a 
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consistent feature of the postoperative course, and rapid loss of weight oc- 
curred in all dogs in this group. Five animals died of inanition 15 to 93 days 
after operation; necropsy revealed ulcerative esophagitis in 4 (Fig. 2, b) and 
no esophagitis in 1 dying at 44 days. The sixth dog died 31 days after opera- 
tion; necropsy revealed esophageal ulceration with perforation of an ulcer 
into the pleural cavity. Thus, 5 of the 6 dogs in this group had esophageal 
ulceration. 


Group 4.—Five dogs underwent total gastrectomy and esophagoduode- 
nostomy. The purpose of this part of the study was to make a comparison be- 
tween the results in dogs which had alkaline intestinal contents in direct eom- 
munication with the esophagus and the results in the afore-mentioned three 
groups, in which a gastric segment intervened between the esophagus and the 
small intestine. The incidence of postoperative vomiting in this group was 
comparable to that in the dogs in Group 2, in which esophagogastrectomy and 
pyloroplasty were performed. Loss of weight occurred in all animals. Two 
dogs died of inanition 25 and 100 days after operation; the remaining 3 were 
killed 90, 135, and 168 days after operation. Necropsy revealed no esophagitis 
in 1 and linear esophagitis in 4. 


Group 5.—Six dogs underwent coneomitant pyloromyotomy and esophago- 
gastrectomy with removal of only 70 to 80 per cent of the acid-secreting por- 
tion of the stomach. Vomiting occurred in some of these animals but was not 
so frequent or so severe as in the dogs in Group 3, in which gastrojejunostomy 
was performed in association with removal of all acid-secreting stomach. Four 
dogs died of inanition 56 to 147 days after operation; the remaining 2 were 
killed 122 and 127 days after operation. Necropsy revealed linear esophagitis 
in 3 and ulcerative esophagitis in 3. In 1 of the latter, an uleer had perforated 
into the mediastinum; in another, esophageal ulceration had resulted in fatal 
hemorrhage. Thus, all 6 dogs had esophageal damage. 


Group 6.—Six dogs underwent concomitant pyloroplasty and esophagogas- 
treetomy with removal of 70 to 80 per cent of acid-secreting stomach. The 
incidence and severity of postoperative vomiting were great and rather rapid 
loss of weight occurred in all dogs in this group. Three animals died of in- 
anition 49 to 63 days after operation; necropsy revealed linear esophagitis in 
1 and esophageal ulceration in 2 (Fig. 3, a). One animal died 22 days post 
operatively from perforation of an ulcer on the posterolateral wall of the 
esophagus into the thoracic aorta, with fatal hemorrhage. The remaining 2 
dogs were killed 54 and 97 days, respectively, after operation; necropsy re- 
vealed severe linear esophagitis in both. Thus, of 6 dogs, 3 had esophageal 
ulcers and 3 had esophagitis. 


Group 7.—Eight dogs underwent concomitant gastrojejunostomy and esoph- 
agogastrectomy with removal of 70 to 80 per cent of acid-seereting stomach. 
Postoperative vomiting was more severe and loss of weight more rapid in these 
dogs than in those of any of the preceding groups. Five dogs died of inanition 
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15 to 40 days after operation; necropsy revealed ulcerative esophagitis in 4 
(Fig. 3, b) and severe linear esophagitis in 1. Death occurred in another dog 
23 days after operation from perforation of an esophageal ulcer into the pleural 
cavity. The remaining 2 animals were killed 17 and 56 days, respectively, 
after operation; necropsy revealed ulcerative esophagitis in both. Thus, of 
8 dogs, 7 had esophageal ulcers and 1 had esophagitis. 


Fig. 3.—a, Esophageal ulceration present at necropsy 49 days after resection of 70 to 80 
per cent of acid-secreting portion of stomach and concomitant pyloroplasty. b, Esophageal 
ulceration present at necropsy 28 days after resection of 70 to 80 per cent of acid-secreting 
portion of stomach and concomitant gastrojejunostomy. 


Considering all groups, more rapid loss of weight and shorter survival 
periods were noted in those dogs in which acid-secreting stomach was allowed 
to remain than in those in which all acid-secreting stomach was removed. Loss 
of weight was most rapid and the survival period shortest in those animals in 
which gastrojejunostomy was used to facilitate gastric drainage. Pyloromy- 
otomy with removal of all acid-secreting stomach was accompanied by better 
maintenance of nutrition and longer survival than were any of the other pro- 
cedures. 

Results of the studies of gastric secretory response to histamine are sum- 
marized in Table II. 
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TABLE II. GASTRIC SECRETORY RESPONSE TO HISTAMINE AFTER ESOPHAGOGASTRECTOMY 


PER CENT OF ACID- 
SECRETING STOMACH DRAINAGE DOGS FREE ACID 
GROUP RESECTED PROCEDURE TESTED* PRESENT | ABSENT 
2 100 Pyloroplasty 3 0 3 
3 100 Gastrojejunostomy 3 0 3 
6 70-80 Pyloroplasty 6 2 4 
7 70-80 Gastrojejunostomy 7 3 4 


*Minimum of two estimations per dog. 


COMMENT 


It has been suggested that pyloromyotomy would be of value in the pre- 
vention of the gastric retention that may follow esophagogastrectomy and 
vagotomy.? Other clinical’? ™ and experimental’ work has supported this 
view. Others have advocated gastroenterostomy for this purpose when esoph- 
agogastrectomy is performed.’? Wangensteen’® has advised against perform- 
ing a Heineke-Mikulicz pyloroplasty under such circumstances because of the 
possibility of free regurgitation of alkaline secretions from the duodenum into 
the esophagus leading to esophagitis. 

The damaging effects of alkaline secretions on the esophageal mucosa have 
been well demonstrated experimentally. The results of the present study 
confirm these findings. Esophagitis or esophageal ulcers developed in 12 of 
16 dogs in which the entire acid-secreting portion of the stomach was removed 
and alkaline regurgitation facilitated by a Heineke-Mikulicz pyloroplasty, by 
a gastrojejunostomy, or by total gastrectomy and esophagoduodenostomy. 
That the esophagitis was not due to acid has been demonstrated by the initial 
extent of resection and the failure of histamine to stimulate the gastric rem- 
nant to secrete acid. It can be assumed, therefore, that the esophageal changes 
were caused by regurgitation of alkaline secretions into the esophagus. 

Pyloromyotomy performed in association with esophagogastrectomy and 
removal of the entire acid-secreting portion of the stomach resulted in minimal 
esophagitis in only 2 of 8 dogs. Somewhat similar findings have been reported 
by Cross and Wangensteen.* Apparently regurgitation of alkaline secretions 
is not so likely to oceur with this type of gastric-drainage procedure as with 
pyloroplasty or gastrojejunostomy. 

Esophagitis developed in 4 of 5 dogs in which total gastrectomy and 
esophagoduodenostomy were performed. The esophageal changes, however. 
were less severe than those occurring in Groups 2 and 3, in which the drainage 
procedures of pyloroplasty and gastrojejunostomy were employed in conjune- 
tion with removal of the entire acid-secreting portion of the stomach. The 
most severe esophageal damage due to alkaline regurgitation occurred in dogs 
in which gastrojejunostomy was employed for gastric drainage. It is difficult 
to explain why esophageal changes as the result of alkaline regurgitation were 
less severe when the esophagus and duodenum were in direct communication 
than when the antrum intervened as a reservoir between the esophagus and 
small intestine. 
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Previous experimental studies have shown that one must resect the entire 
acid-secreting portion of the stomach to prevent acid-peptic esophagitis.” ° 
We theorized that gastric-drainage procedures done in association with esoph- 
agogastrectomy in which a portion of the acid-secreting stomach remained 
might protect against the development of acid-peptic esophagitis. Such pro- 
tection might be afforded by neutralization of acid gastric contents by re- 
gurgitation of alkaline intc*tinal contents. Furthermore, a procedure facili- 
tating gastric emptying might be expected to shorten the time during which 
ingested food would be in contact with the antrum, thus shortening the gastric 
phase of gastric secretion. 

Kiriluk and Merendino™: *° found that neither pyloromyotomy nor gastro- 
enterostomy performed in association with esophagogastrectomy and removal 
of the upper 50 per cent of the stomach was of value in preventing the develop- 
ment of esophagitis. On the other hand, recent studies by Brackney and as- 
sociates’® indicated that pyloroplasty is of value in reducing the incidence of 
acid-peptic esophagitis after vagotomy and the Wendel procedure in which 
the mechanism of the cardia is destroyed. 

The results of this study indicate that no protection is afforded by any 
gastric-drainage procedure carried out in association with esophagogastrec- 
tomy when acid-seecreting stomach remains, since esophagitis or esophageal 
ulcers developed in all of the 20 dogs undergoing such procedures. Since 
gastric secretory studies after the subcutaneous injection of histamine revealed 
the presence of free acid in less than half of the dogs in which acid-seereting 
stomach remained, it is impossible to say whether the esophageal changes were 
caused by regurgitation of acid or of alkaline secretions. Somewhat similar 
operations done with pyloromyotomy showed acid consistently present,'” so 
one might conclude that in those dogs in which pyloroplasty or gastrojejunos- 
tomy was performed, free regurgitation of alkaline secretions prevented re- 
covery of free acid from the stomach. The esophageal changes in some of these 
animals may, in fact, have been the result of alkaline regurgitation. In any 
case, none of the gastric-drainage procedures employed in this study were of 
value in preventing esophagitis, whatever the cause, when acid-secreting 
stomach remained. 

SUMMARY 


The effect of various gastric-drainage procedures carried out concomi- 
tantly with esophagogastrectomy has been studied in dogs. Pyloromyotomy, 
pyloroplasty, and gastrojejunostomy were the procedures employed. 

Pyloromyotomy in association with removal of the entire acid-secreting 
portion of the stomach gave the best results in terms of absence of esophageal 
damage, maintenance of nutrition and length of survival. 

Gastrojejunostomy or pyloroplasty performed in association with esoph- 
agogastrectomy of similar magnitude was followed by a high incidence of 
esophagitis and esophageal ulceration as the result of regurgitation of alkaline 
secretions into the esophagus. The esophageal damage was more severe with 
these procedures than with total gastrectomy and esophagoduodenostomy. 
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Gastrojejunostomy was the most unsatisfactory gastric-drainage procedure 
from the standpoint of the severity of the resulting esophageal damage, extent 
of postoperative loss of weight and shortness of postoperative survival. 

None of the gastric-drainage procedures studied protected the esophagus 
against the development of esophagitis after esophagogastrectomy when 20 to 
30 per cent of the acid-secreting portion of the stomach remained. 


REFERENCES 


1. Carver, G. M., Jr., and Sealy, W. C.: Peptic Esophagitis, Arch. Surg. 68: 286-295, 1954. 

2. Allison, P. R.: Peptic Ulcer of the Oesophagus, Thorax 3: 20-42, 1948. 

3. Allison, P. R., and Borrie, J.: The Treatment of Malignant Obstruction of the Cardia, 
Brit. J. Surg. 37: 1-21, 1949. 

4, Ripley, H. R., Olsen, A. M., and Kirklin, J. W.: Esophagitis After Esophagogastric 
Anastomosis, Surgery 32: 1-9, 1952. 

5. Ferguson, D. J., Sanchez-Palomera, Enrique, Sako, Yoshio, Clatworthy, H. W., Jr., 
Toon, R. W., and Wangensteen, O. H.: Studies on Experimental Esophagitis, 
Surgery 28: 1022-1039, 1950. 

6. Kiriluk, L. B., and Merendino, K. A.: The Comparative Sensitivity of the Mucosa of 
the Various Segments of the Alimentary Tract in the Dog to Acid-peptie Action, 
Surgery 35: 547-556, 1954. 

. Ellis, F. H., Jr., and Hood, R. T., Jr.: Experimental Esophagogastrectomy: Relation 
of Type of Resection to Development of Esophagitis, Surg., Gynec. & Obst. 98: 
449-455, 1954. 

8. Cross, F. S., and Wangensteen, O. H.: Role of Bile and Pancreatic Juice in Production 
of Esophageal Erosions and Anemia, Proc. Soe. Exper. Biol. & Med. 77: 862-866, 
1951. 

9. Wangensteen, O. H.: A Physiologie Operation for Megaesophagus:  (Dystonia, 
Cardiospasm, Achalasia), Ann. Surg. 134: 301-315, 1951. 

10. DeBakey, M. E., and Cooley, D. A.: Palliative Resection for Carcinoma of the Esoph- 
agus: Combined Right Thoracic, Abdominal, and Cervical Approach, Arch. Surg. 
66: 781-794, 1953. 

11. Conerly, D. B., Jr., Carlson, R. I., and Scott, H. W., Jr.: | The Combined Anterior Surgi- 
eal Approach to Carcinoma of the Upper Thoracic Esophagus, Surg., Gynec, & 
Obst. 98: 84-90, 1954. 

12. Pinkham, R. D.: Surgical Management of Chronic Stenosing Peptic Uleerations of 
the Lower Esophagus, West. J. Surg. 62: 18-21, 1954. 

13. Wangensteen, O. H.: Segmental Gastric Resection for Peptic Ulcer: Method Per- 
mitting Restoration of Anatomie Continuity, J. A. M. A. 149: 18-23, 1952. 

14. Kiriluk, L. B., and Merendino, K. A.: An Experimental Evaluation in the Dog of 
Esophagogastrectomy for the High-lying Gastric Uleer: A Preliminary Report, 
Ann. Surg. 134: 918-923, 1951. 

15. Kiriluk, L. B., and Merendino, K. A.: Further Experiences in the Dog With Eso- 
phageal Pathology Following Esophagogastrectomy. In Surgical Forum: Pro- 
ceedings of the Forum Sessions Thirty-eighth Clinical Congress of the American 
College of Surgeons, New York City, September, 1952, Philadelphia, 1953, W. B. 
Saunders Company, pp. 59-65. 

16. Brackney, E. L., Kelly, W. D., Campbell, G. S., and Wangensteen, O. H.: Esophagitis 
in Dogs Following Operations Employed in the Treatment of Mega-esophagus, 
Proc. Soc. Exper. Biol. & Med. 84: 134-136, 1953. 

17, Ellis, F. H., Jr.: Unpublished data. 


| 


DISCUSSION 


DR. HERBERT SCHMIDT, Rochester, Minn.—Dr. Neuman and Dr. Ellis deserve 
much credit for calling attention to the fact that surgical excision of the cardia is fol- 
lowed by a high incidence of ulceration at the esophagogastric junction. As they pointed 
out, this occurred in their series of dogs, even though the acid-secreting portion of the 
stomach had been excised. 

In the past, it has been felt that two factors are of prime importance in the etiology 
of this lesion. The first is an incompetency at the esophagogastric junction which allows 
gastric and duodenal contents to regurgitate freely into the distal part of the esophagus. 
The second is the chemical nature of the secretion which is allowed to regurgitate into the 
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esophagus. Selye, in 1938, found that gastric juice was able to digest the esophagus of the 
living rat. In his experiment, the pylorus was ligated so that the gastric contents were 
regurgitated into the esophagus. In all his animals, hemorrhagic esophagitis developed, 
and in one instance the esophagus perforated from ulceration, A control group of rats 
had both the pylorus and the cardia ligated so that the gastric contents would not be re- 
gurgitated into the esophagus. In this series, no such changes were noted. Since that 
time, many experiments have been done by many workers; it has been shown that not 
only the hydrochloric acid of the stomach, but also the alkaline duodenal contents, can 
cause ulceration in the distal part of the esophagus when they are allowed to regurgitate 
into the esophagus. 

I think the most important thing about the work of Dr. Neuman and Dr, Ellis is that 
they have emphasized again the hazard of operating upon lesions in the neighborhood of 
the cardia. Because of this hazard, I believe it would be well to avoid surgical treatment 
of benign lesions such as cardiospasm and strictures of the esophagus before the con- 
servative method of dilation has been given a thorough trial. In the past, dilation of the 
esophagus for these two lesions, when properly done, has given excellent results in a high 
percentage of cases. 
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PEDUNCULATED ATRIAL FLAPS USED FOR EXPERIMENTAL 
CARDIAC SURGERY 


ArNovp E. Botwin, M.D.* (By INVITATION) 
Kansas City, KAN. 


HE BEST material for repair or replacement of portions of the heart 
should be a viable segment of that organ itself. Utilizing this concept, a 
method has been experimentally devised for constructing a pedunculated atrial 
flap. These flaps can be fashioned without obstruction of the normal cireula- 
tory flow, without elaborate material, and without iong periods of intracardiac 
exposure. The essential idea is to rotate portions of the auricle over the flap 
and close the base of the defect before the flap is dissected free. This pro- 
cedure differs from the ‘‘atrio-septo-pexy’’ described by Bailey’ and the ‘‘free 
auricular graft’’ described by Cohn? in that this flap has a pedunculated base 
for blood supply and a free end which is swung into the eardiae chamber for 
an intraeardiae repair. 

It is believed that this procedure may have advantages over experimental 
methods currently in use for repair of septal defects because: (1) septal de- 
fects can be repaired from the left side, (a) allowing the increased left auric- 
ular pressure to hold the flap against the septum, and (b) allowing an area of 
auricle to be used which will not result in damage to the conduction system ; 
(2) large septal defects can be covered without constriction of the atrial 
chamber; and (3) a viable and probably longer-lasting repair results. The 
atrial flap when used as a sling for mitral insufficiency is superior to a peri- 
cardial sling because it does not cause obstruction or cardiac failure but it 
does undergo moderate fibrosis and decrease in size. Whether the atrial sling 
retains function after a prolonged period has not yet been determined. 

This preliminary article covers the results of the use of pedunculated flaps 
in ten dogs with experimental interauricular septal defect and in ten dogs with 
experimental mitral insufficiency. 


METHOD 


Large mongrel dogs given endotracheal anesthesia were placed in the right antero- 
lateral position. A left fourth intercostal thoracotomy was done and the pericardium 
opened. The auricular appendage was grasped at its tip and pulled anteriorly, tenting it 
up, and a thin curved noncrushing clamp applied transversely at the base as close to the 
septum as possible (Fig. 1, 4). Two parallel longitudinal incisions were made through the 
auricle leaving the center section the width desired for the flap (Fig. 1, B). The two lateral 
segments were rotated toward each other over the anterior surface of the middle section. 


one — the Surgical Research Laboratory, University of Kansas School of Medicine, Kansas 
y, Kan 
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The anterior edges of the lateral segments were sutured to the auricular wall just proximal 
to the clamp with interrupted silk sutures (Fig. 1, C). The posterior edges of the lateral 
segments were approximated to each other with a running silk suture from the mid-point 


C. 


Fig. 1.—Production of atrial pedunculated flap. A, Auricular appendage tented up and 
clamp applied transversely at base. B, Two parallel incisions made through the auricle leav- 
ing the center section the width desired for the flap. C, Anterior edges of the lateral seg- 
ments sutured to the auricular wall just proximal to the clamp. 


Purse string 
suture 


Fig. 2.—Production of atrial flap (continued). A, Posterior edges of the lateral segments 
approximated to each other with a running silk suture. B, Clamp removed and replaced trans- 
versely on the wall of the auricle evaginating auricular tissue to be used for end of flap. 
Knife showing direction of incision. C, Flap end cut free and placement sutures on end. 
Purse-string suture proximal to clamp for hemostasis. 


of the first suture line toward the auricular tip, thereby partially closing the auricle over 
the future flap (Fig. 2, 4). The clamp was removed and replaced transversely on the 
lateral wall of the auricle, evaginating the distal segment of the flap at the desired width 
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(Fig. 2, B). The tip of the flap was cut free and placement sutures were taken at the desired 
location (i.e., at the tip for mitral insufficiency or at each edge for septal defects) (Fig. 
2,C). A purse-string suture was placed proximal to the clamp and the clamp was removed. 
With bleeding controlled by the purse-string suture, the flap and placement sutures were 
passed into the auricle and the placement sutures pushed through the posterior wall of the 
auricle or ventricle at their desired location, using a flexible probe as a needle. Moderate 
traction held the flap in place while the auricle was closed. The placement sutures were 
threaded on needles and anchored by tying over a small bite of tissue (Fig. 3). 

Mitral insufficiency was produced by blindly cutting the anterior mitral cusp until 
a dilatation of the auricle was seen, a definite thrill was palpable, and an increase in atrial 
pressure was measured, The distal end of the flap was pulled through the posterior ven- 
tricular wall about 2 cm. from the apex as near the septum as possible. When the tip of 
the atrial flap was visible on the surface of the ventricie, it was anchored by two sutures 
of black silk. 


MITRAL VALVE SLING 


PEDUNCULATED FLAP OVER 
INTERATRIAL SEPTAL DEFECT 


Fig. 3.—Final position of pedunculated flap. A, To posterior ventricular wall for mitral in- 
sufficiency. B, To the posterior wall of left atrium for atrial septal defect. 


Septal defects were made by compression of the superior and inferior vena cava and 
excising 0.7 to 1.0 em. of the interatrial septum under direct vision from the right chest. 
The right auricle and the right chest were closed and the repair was made from the left 
atrium at the same operation. The edges of the pedunculated flap were anchored by two 
or three sutures piaced by touch through the posterior wall of the left atrium immediately 
medial to the superior vena cava and medial to the inferior vena cava. Care was taken to 
avoid the pulmonary veins and coronary sinus. <A technique for repair using the right 
atrium has also been used. Postoperative care consisted of a daily intramuscular injection 
of 600,000 units of Crysticillin for one week, and routine diet. The dogs were sacrificed 
three months after operation. 


RESULTS 


Mitral Insufficiency —Of the ten dogs that had slings for mitral insuf- 
ficiency, three were found to have had detachment of the tip with retraction 
of the flap against the atrial wall. One dog died in two days of myocardial 
infarction due to laceration of the ventricle at the time of cutting the cusp. 
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Six were found to have intact slings, but the slings were reduced in width and 
moderately fibrotic (Fig. 4). Two of the six were adherent to the lacerated 
cusp and one had twisted upon itself and had the appearance of a fibrous cord. 


A. 


Fig. 4.—Atrial flap used as a sling for mitral insufficiency. A, Appearance two days 
after operation. Pointer showing flap without marked edema, necrosis, or thrombosis. B, 
Three months after operation. Flap showing reduction in size and moderate fibrosis. 


RB. 


Fig. 5.—Septal defect repaired by left atrial pedunculated flap. Three months after 
operation. ~~ Appearance from right auricle showing complete closure. B, Appearance from 


left auricle showing flap covered by endocardium. 
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Reinforcement of the distal one-half of the flap with a running silk suture im- 
proved the survival of the tip of the flap at the site of attachment. Wider and 
shorter flaps are now being tried. 

Pressure studies made at time of operation demonstrated a 4 to 6 em. of 
saline atrial pressure before laceration of the cusp, 25 to 30 em. after lacera- 
tion, and 6 to 9 em. after placement of a pedunculated sling. If pressure was 
not reduced, the flap was not correctly placed and replacement of the flap re- 
sulted in lowering of the pressure. The apical systolic murmur which resulted 
from the laceration of the cusp persisted postoperatively even though the flap 
was well placed. 

Septal Defects—Of the ten dogs with repair of a septal defect, nine dogs 
had complete closure of the defect and one had 90 per cent closure. There 
were no postoperative deaths due to the production of the flap (Fig. 5). 


PATHOLOGY 


The immediate response in the atrial wall and in the pedunculated flap 
was a mild edema and diffuse infiltration with polymorphonuclear leukocytes. 
The endocardial surface of the flap became slightly thickened and covered with 
a very thin layer of fibrin. The pericardial surface became covered with a 
somewhat thicker layer of fibrin, but there was no evidence of thrombosis or 
embolization. At the end of two weeks there was evidence of fibroblastic ac- 
tivity within the flap but viable muscle cells were present. After three months 
much of the flap was replaced by sear tissue, but viable muscle cells were still 
seen scattered throughout, especially at the base. Some sections showed mild 
calcification in the pericardial surface where fat was present, presumably due 
to local fat necrosis. None of the flaps showed myxomatous change, rigidity, 
or cracking as described to oceur in pericardial slings.* + 


SUMMARY 


An experimental method for the construction of an atrial peduneculated 
flap without the use of hypothermia, vascular diversion, or vascular obstrue- 
tion is presented. These flaps may be used for the closure of septal defects 
from the left side and for the formation of a sling to partially alleviate mitral 
insufficiency. Results were excellent in the repair of interauricular septal de- 
fects. Early experiments using the pedicle flap for a mitral sling showed the 
need for a more secure method of attachment. Later experiments using a re- 
inforeed tip were encouraging, but further refinements are necessary. 
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SYNCHRONOUS COMBINED ABDOMINAL-RIGHT THORACIC 
APPROACH FOR CARCINOMA OF THE MIDDLE AND 
UPPER THORACIC ESOPHAGUS 


Haw H. Seer, M.D. (By INviTaTION) 
Tampa, Fa. 


HE technical difficulties encountered when performing esophageectomy and 

esophagogastrostomy for carcinoma involving the middle and upper tho- 
racic esophagus are admittedly less when the right thoracie approach is used. 
This is especially true in lesions involving, or in close proximity to, the aortic 
arch, in which dissection from the left side is more hazardous and difficult. 
When the right-sided approach is used, the aortic arch acts as a buttress and 
actually facilitates, rather than impedes, dissection. [Following the original 
suggestion by Ivor Lewis, this method of approach was subsequently favored 
by Maemanus? and by Kent and Harbison.* The original drawback attributed 
to the use of the right thoracic approach was that an associated abdominal 
operation was required in order to mobilize the stomach. Although these two 
steps formerly were performed a few days or a week apart, they were soon 
combined and performed consecutively at the same sitting. It was found that 
in many instances the patient’s general condition deteriorated so markedly be- 
tween stages that the second operation could not be performed. The left tho- 
racie approach, as described by Sweet* and by Garlock,’ is still accepted as the 
standard approach to lesions of the cardia and lower third of the esophagus. 

Controversy as to the use of the left thoracic approach versus the com- 
bined right thoracic and abdominal approach in lesions of the middle and 
upper portions of the thoracic esophagus has centered around the fact that 
operative time is prolonged when a combination of approaches is used as is 
required when the esophagus is mobilized from the right side. In addition, 
criticism has been directed at the fact that an extensive abdominal operation 
is sometimes performed, and then the lesion found to be inoperable when the 
thorax is opened. Harrison and Pickett® determine resectability first by 
entering the chest through an anterior intercostal incision. When the lesion 
is found to be operable, a left upper abdominal incision is made and the eardia 
and stomach mobilized. A similar approach has been used by DeBakey and 
Cooley,’ and by Conerly, Carlson, and Seott.* Mathewson and Cohn,’ as well 
as Gaspar and Snyder,’® have also stressed the value of approaching the 
esophagus from the right side. 


Read at the Thirty-fourth Annual Mostiee of The American Association for Thoracic 
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Unfortunately, as emphasized by DeBakey and Cooley, a curative surgical 
procedure can be applied to only a small number of patients with carcinoma 
of the esophagus since the disease has extended beyond the limits of total re- 
sectability in the great majority of patients by the time surgical treatment 
is instituted. Ravitch, Bahnson, and Johns" point out that the fundamental 
anatomic relationship of the esophagus to other vital structures and the exten- 
sive interecommunicating lymphatic drainage of these organs are such as to 
preclude the recognized principles of cancer surgery. 

In addition to this, the early manifestations of the disease in many in- 
stances are not readily recognized by either the patient or the physician. Pal- 
liative surgery plays a definite part in the treatment of this condition as it ean 
alleviate the most distressing symptom, namely, inability to swallow. Even 
though prolongation of life might not be great, life may be tolerable if food 
ean be taken in a relatively normal fashion. Such procedures as palliative 
gastrostomy and the insertion of indwelling esophageal tubes through the ear- 
cinomatous esophagus can in no way compare with the comfort afforded the 
patient whose swallowing function has been restored after having once lost it. 

The philosophy of this matter was perfectly expressed by Chamberlain’’ 
in discussing the paper by Kent and Harbison® at the 1949 meeting of the 
American Association for Thoracic Surgery at New Orleans. His approach 
has been to consider all esophageal carcinomas as resectable in the sense that 
if the stomach can be mobilized, an anastomosis can be accomplished above the 
lesion. As much of the lesion as possible is then removed. <A direct anastomo- 
sis is made whenever possible, but, when the esophageal tumor cannot be re- 
sected, it is by-passed and the stomach anastomosed to the esophagus above 
it. In either case this restores the ability to swallow and allows the patient 
to live three to six months more happily than he would with a gastrostomy. 

Modifications of the right-sided approach which have variously been em- 
ployed inelude a right anterior thoracie or right posterolateral incision in 
combination with a left or midline abdominal incision. Cervical approach has 
also been used in conjunction with these when indicated for extremely high 
lesions. After determining operability through a right posterolateral incision, 
Watson, Luomanen, and Goodner*® have extended this to a right thoraco- 
abdominal incision. A second operating team is used for the abdominal phase 
of the procedure. Our modification has merely been in the fact that the ab- 
dominal and thoracic phases of the operation have been started simultaneously 
and performed synchronously somewhat after the fashion of the British sur- 
geons in performing synchronous combined abdominoperineal resection of the 
rectum.'* Esophageal carcinoma is thus approached with the attitude that 
the lesion will be resectable and, if not resectable, a palliative by-pass pro- 
cedure will be done to restore deglutition. 


TECHNIQUE 


Two operating teams are employed. After the patient has been anes- 
thetized and intubated, he is placed upon the operating table with the right 
thorax elevated at a 45-degree angle rather than a 90-degree angle as in the 
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usual left lateral position. Position is maintained by the use of sandbags and 
adhesive strapping. The right arm is suspended in an elevated and forward 
position. This allows the thoracic team and the abdominal team to work 
simultaneously. The thoracic surgeon’s work can be facilitated by assuming 
a sitting position. Although operating position is not optimum for either team, 
the inconvenience is not significant. Most patients are quite thin and exposure 
is accomplished without difficulty. 

A right posterolateral incision beginning in the intrascapular region is 
made over the sixth rib as far as the anterior axillary line. At the same time, 
the abdominal team approaches the stomach through a left paramedian inci- 
sion, the abdomen is explored for lymph node and hepatic metastasis, and 
metastatic nodes along the lesser curvature of the stomach are removed as 
completely as possible. The fifth or sixth rib is removed subperiosteally and the 
thoracic cavity entered. The azygos vein is divided, the mediastinal pleura 
extensively opened, and the esophagus approached. While the esophagus and 
tumor are being mobilized by the thoracie team, the blood supply to the stomach 
is divided by the abdominal team with the exception of the right gastrie and 
right gastroepiploic vessels. The vascular arches of the greater and lesser 
curvatures are carefully preserved. This mobilization is sufficient to allow 
the stomach to be drawn into the apex of the right pleural cavity without 
tension. 

Following mobilization of the stomach by the abdominal team, the esoph- 
agus is amputated at the cardia which is then closed with two rows of sutures, 
a continuous 000 chromic catgut for the inner layer and a row of interrupted 
000 silk for the outer layer. While this is being done, the distally divided 
esophagus is drawn into the chest by the thoracic team and a new opening is 
made in the diaphragm anterior to the inferior vena cava. The mobilized 
stomach is then brought through the new diaphragmatie opening. This is 
done to avoid possible postoperative obstruction at the gastrie outlet which 
might occur if the stomach were allowed to remain in the original hiatus. 
Hollingsworth’ demonstrated that the bulky folds of gastrie mucosa could 
result in obstruction when compressed into the small space between the in- 
ferior vena cava and the vertebral column. Serious interference with empty- 
ing of the stomach ean result, particularly in view of the loss of tone ocea- 
sioned by the division of both vagus nerves. One is impressed by the narrow 
space which exists between the inferior vena cava and vertebral bodies when 
this area is palpated at the time of surgery. After the stomach has been 
brought into the thorax through its new opening, the old esophageal hiatus is 
closed with several interrupted silk sutures by the abdominal team and the 
abdomen is then closed. 

The thoracic portion of the operative procedure is concluded with esophago- 
gastrostomy. This is performed at a level of at least 2 to 4 em. above the 
proximal palpable margin of the tumor. A site on the anterior aspect of the 
fundus of the stomach is selected for the anastomosis which is performed 
throughout with interrupted Lembert sutures of 000 or 4-0 silk. The first row 
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of sutures includes the muscular coats of the esophagus and stomach, neither 
lumen of which has as yet been entered. When the posterior row is com- 
pleted, an incision is made into the lumina of the esophagus and stomach in a 
parallel fashion and distal to the previously placed row of sutures. Several 
small submucosal vessels may require ligation on the gastric side. The second 
suture row includes all layers of the esophagus and stomach, and is carried 
completely around from posterior to anterior. The esophagus is amputated 
and the outer row of interrupted sutures is then continued onto the anterior 
portion of the anastomosis. The suture line is reinforced when possible with 
pleura or a small tag of mesentery. The stomach is anchored in place by 
means of a number of interrupted sutures and the diaphragmatic opening is 
sutured snugly, but not tightly, around the gastric outlet. 

A nasogastric tube is passed into the stomach and connected to Wangen- 
steen suction at the termination of the operation. The lung is re-expanded 
and the pleural space is drained in the usual manner through a separate stab 
wound and the intercostal tube connected to water-seal drainage for twenty- 
four to forty-eight hours. The thoracotomy incision is closed in layers. 


SUMMARY 


It has been demonstrated by experience that carcinoma of the thoracic 
esophagus in many instances, especially in the middle and upper portions, is 
not curable by surgical means because of the extensive nature of the lesion 
and involvement of adjacent structures. Considerable relief and restoration 
of swallowing may be afforded such patients by esophagectomy and esophago- 
gastrostomy. Even in nonresectable lesions, symptomatic relief can be afforded 
by by-passing the malignaney with a proximal esophagogastrostomy. Such 
a program is readily accomplished by means of a synchronous combined ab- 
dominal-right thoracic approach. With two surgical teams operating simul- 
taneously, one in the abdomen and one in the right thorax, the operative time 
is considerably shortened. By positioning the patient on the table at a 45- 
degree angle, it is possible for both teams to work comfortably and there is no 
need for repositioning of the patient at any time. The operation is thus 
actually a one-stage, two-team procedure rather than a two-stage operation. 
The procedure is technically less difficult through the right chest and anas- 
tomosis is somewhat facilitated for a right-handed operator. In applying 
synchronous combined abdominal-right thoracic approach to lesions of the 
middle and upper thoracic esophagus, one must maintain the underlying 
philosophy that resection can be done in all cases, although admittedly pal- 
liative in many instances. 
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DIFFERENTIAL BEHAVIOR OF ARTERIAL HOMOGRAFTS 
IMPLANTED IN THE THORACIC AND ABDOMINAL AORTA 


Epmunp A. Kanar, M.D.,* Luoyp M. Nyuus, M.D.,** 
Everett J. Scumirz, M.D.,*** Lester R. Sauvace, M.D.,**** 
Horace G. Moors, Jr., M.D.,***** K. Zecu, M.D.,****** anp 
Henry N. Harkins, M.D., Pa.D.******* (ALL By INVITATION) 
SEATTLE, WASH. 


HE immediate and essential function of a vascular graft is to conduct an 
adequate flow of blood. This prime prerequisite has apparently been ful- 
filled on at least a short-term basis by a variety of vascular grafts now avail- 
able. However, the immediate success of a vascular graft may subsequently 
be overshadowed by undesirable complications. Thus it is imperative that 
the behavior of various types of vascular grafts be clearly defined as to their 
ultimate fate in the recipient host. 

Heretofore, information regarding the behavior of arterial homografts 
has been obtained largely from studies limited to the abdominal aorta. This 
communication presents a comparative study of arterial homografts implanted 
into the thoracie as well as the abdominal aorta and, in addition, takes into 
consideration such factors as period of graft preservation, method of preserva- 
tion, length of graft, and growth of the host animal. 


MATERIAL AND METHODS 


Ninety-eight healthy weanling pigs averaging 13.0 kg. had aortic homo- 
grafts implanted into the thoracic or abdominal aorta. Fifty-five of these 
grafts were into the abdominal aorta, and 43 were into the thoracic aorta. The 
thoracic operations were done through the bed of a resected fifth or sixth rib 
under intraperitoneal Nembutal and supplemental positive pressure endo- 
tracheal ether anesthesia. The graft lengths varied from 1.0 to 10.75 em., 
while the average graft diameter was 1.08 cm. After completion of the anas- 
tomoses and determination of necessary measurements of the graft and host 
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aorta, the area was repleuralized. The lungs were re-expanded and the chest 
closed in layers without drainage. The abdominal aortic homografts were im- 
planted through a left flank retroperitoneal approach. These abdominal aortie 
grafts varied in length from 0.60 to 4.90 em., although one graft measured 
5.95 em. The average diameter of this group of grafts was 0.54 em. 

Following a period of observation in the laboratory for early complica- 
tions, the pigs were sent to a farm for a period of six to eight months’ matura- 
tion. Upon attaining maturity, the pigs were slaughtered and the grafts with 
the adjacent host aorta were removed under the personal supervision of two 
or more of the investigators. The grafts were inspected, palpated, inflated 
with air at a pressure of 120 mm. Hg and measured. Grafts believed to be 
calcified were x-rayed. Photographs were obtained of the external appearance 
of the inflated grafts as well as of the internal surface after longitudinal see- 
tion. A portion of each graft was taken for microscopic study. 

Further details of the methods and procedures used in these experiments 
have been reported by Kanar and associates in 1953,7 Nyhus and associates in 
1953,° and by Sauvage and Harkins in 1952?° and 1953. 

Arbitrarily, we have designated grafts over 5.0 em. as ‘‘long’’ and those 
less than 5.0 em. as ‘‘short’’ grafts, similar to our previous classification with 
respect to venous autografts reported from this laboratory by Schmitz and 
co-workers in 1953.1? 

Fresh aortic homografts were those implanted in the recipient animal im- 
mediately after removal from a donor pig which, in turn, usually received 
some type of preserved graft to re-establish aortic continuity and blood flow. 
The preserved grafts were kept at 4° C. after immersion in Tyrode’s homolo- 
gous serum media (15 grafts preserved 1 to 120 days), Ringer’s homologous 
serum media (13 grafts preserved 1 to 413 days), heparin-saline solution (2 
grafts preserved 14 to 1 day), or light mineral oil (36 grafts preserved 1 to 
247 days). 
RESULTS 


The data obtained in these studies will be reported according to the foi- 
lowing classification of grafts: 


I. Abdominal aorta homografts 

1. Fresh short homografts 
2. Preserved short homografts 

II. Thoracie aorta homografts 
1. Fresh long homografts 
2. Fresh short homografts 
3. Preserved long homografts 
4, Preserved short homografts 


I. Abdominal Aorta.— 


1. Fresh short aortic homografts of abdominal aorta: The ten young pigs 
in this group had grafts implanted for 170 to 254 days. There were no fatali- 
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ties related to the homografts. The grafts showed a growth in length which 
was equal to the crown-rump (C-R) measurement increase in the animals and 
the increase in the length of the host aorta. However, with respect to the 
diameters, it was found the average increase in aortic diameter was 165 per 
cent, while the graft diameter increased an average of only 75 per cent. More 
specifically, 30 per cent of the grafts in this group were found stenotic at 
slaughter and, therefore, unsatisfactory according to the criteria of Sauvage: 
and Harkins. One graft in this series was completely occluded by late throm- 
bosis, but there were no grafts with atheromatous-like or calcific changes. 
The changes in these grafts are given in Table I. 


TABLE I. CHANGES IN FRESH SHORT AORTIC HOMOGRAFTS OF ABDOMINAL AORTA 


S > 
< < 
= < = Sy yo nA = 
< 25 45 45 2 
Zz qs aa 4a 2c 
10 98 98 98 165 74 214 10 30 0 


*Degeneration refers to the finding of atheromatous-like or calcific changes. 


2. Preserved short aortic homografts of abdominal aorta: Forty-five pigs 
comprise this group having grafts implanted for 2 to 287 days during which 
time the crown-rump measurements increased an average of 93 per cent, while 
the aortic and graft lengths increased an average of 81 per cent and 65 per 
cent, respectively. The aortic diameter increased an average of 121 per cent, 
while the graft diameter showed an average increment of only 55 per cent. 
Three of the grafts were classified as stenotic, five showed early or late throm- 
botie occlusion, and six grafts showed evidence of calcification or atheroma- 
tous-like degeneration. 

The grafts were preserved in light mineral oil, Tyrode’s or Ringer’s 
homologous serum media or heparin-saline solution at 4° C. There was no 
relationship between the development of late complications and the period of 
preservation or the nature of the preservative fluid used. 

The changes observed in this group of grafts are summarized in Table II. 
One graft of this group showed complete preservation of cellular integrity on 
microscopic examination. This graft had been preserved in Tyrode’s homolo- 
gous serum medium at 4° C. for one day and implanted in the pig for 195 days. 


II. Thoracic Aorta.— 

1. Fresh long Aortic homografts of thoracic aorta: Fifteen grafts were 
implanted into young pigs which showed an average crown-rump increase of 
85 per cent over periods ranging from 8 to 321 days. In this group, the aortic 
length increased an average of 92 per cent as compared to an average graft 
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TABLE II. CHANGES IN PRESERVED SHORT AORTIC HOMOGRAFTS OF ABDOMINAL AORTA 


a 

ae = a8 a ° % 

zo | go | 6 

45 93 81 65 121 55 175 50 11 6.6 14 


*Degeneration refers to atheromatous-like or calcific changes. 


{Preserved in light mineral oil, Tyrode’s or Ringer’s homologous serum media, or heparin- 
saline solution at 4° C. 


length increase of 31 per cent. Somewhat similar retardation of ‘‘growth’’ 
was noted with respect to the graft diameters, although none of the grafts 
were actually stenotic. The changes for this group are tabulated in Table 
Ot. 


TABLE IIT. CHANGES IN FRESH LONG AorTIC HOMOGRAFTS OF THORACIC AORTA 


2 2 s 

n n ne ne a 
15 85 92 31 78 29 174 13 0 87 


*Degeneration refers to atheromatous-like or calcific changes. 


Thrombosis of the graft was observed in two of the pigs at 19 and 56 days 
and both grafts revealed calcification on microscopic examination. Ten ad- 
ditional grafts showed atheromatous-like formation or calcification on gross or 
microscopic examination. However, one graft in this group behaved like an 
autograft in that all the cellular elements were intact. This thoracie graft 
remained in the pig for 321 days. 

2. Fresh short Aortic homografts of thoracic aorta: This group of seven 
grafts showed an average length increase of 24 per cent while the host aorta 
and crown-rump measurements increased an average of 72 and 74 per cent, 
respectively. Graft implantations lasted from 35 to 276 days. The grafts had 
an average diameter i increase of 24 per cent as compared to an aortic diameter 
increase of 66 per cent. 

Although none of these grafts showed stenosis or became occluded, all 
of the grafts showed degenerative changes in terms of atheroma formation or 
calcification. (See Table IV for résumé of changes in this group of grafts.) 
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TABLE IV. CHANGES IN FRESH SHORT AORTIC HOMOGRAFTS OF THORACIC AORTA 


S 
Z a4 aa 25 a 
ff 74 72 24 66 26 180 0 0 100 


*Degeneration refers to atheromatous-like or calcific changes. 


3. Preserved long aortic homografts of thoracic aorta: In this group of 13 
pigs, the aortic length increased more than the crown-rump measurements of 
the animals, but the grafts lagged far behind the increments of the host aorta 
in terms of length as well as diameter so that five of the homografts are classi- 
fied as definitely stenotic. The average changes in these grafts are given in 
Table V. One of these stenotic grafts had complete luminal occlusion at the 
pig’s slaughter 252 days after graft implantation without evidence of collateral 
vascular channels in the area of the grafted segment. One other graft throm- 
bosed 41 days after implantation, but this complication was probably related 
to an associated lung abscess and a purulent empyema. No calcium deposits 
were found in the thrombosed or the extremely stenotic graft. 


TABLE V. CHANGES IN PRESERVED LONG AORTIC HOMOGRAFTS OF THORACIC AORTA 


ns ne ada fa & = 
< a5 a5 ae om Q 
Z a4 45 + n a 
13 84 103 16 74 14 221 96 8 39 85 


*Degeneration refers to atheromatous-like or calcific changes. 
Pi gaa in light mineral oil, or in Tyrode’s or Ringer’s homologous serum media 


at 


In addition to a high incidence of stenosis, eleven of these 13 homografts 
had gross evidence of calcific degeneration. Fig. 1 illustrates the calcification 
in one of these long grafts of the thoracic aorta. Calcification was found in a 
graft preserved for one day, as well as in a graft preserved for 413 days. 

4. Preserved short Aortic homografts of thoracic aorta: Eight weanling 
pigs had preserved short homografts implanted for 30 to 262 days during 
which time the animals increased their crown-rump measurements an average 
of 90 per cent. The aorta in these animals showed an average increase in 
length of 80 per cent, whereas the grafts had an average length increment of 
17 per cent. A similar failure to keep pace with growth of the host tissues 
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was observed in the graft diameters which had an average increase of 14 per 
cent as compared to an average aortic diameter increase of 93 per cent. One- 
half of the grafts in this group were classified as stenotic. 


Fig. 1.—Inflated and open views of a long preserved arterial homograft removed from a 
growing animal (Pig 133) 219 days after implantation. In addition to the failure in “growth” 


of a homograft, the intimal view reveals the extensive calcific degeneration throughout the 
graft. 


One graft became occluded by thrombosis 106 days after implantation and 
showed massive calcification. Six additional grafts in this group showed gross 
ealeifie degeneration. Preservation of these grafts in sterile light mineral oil 
ranged from 12 to 247 days. The graft which had no ealcification was pre- 
served for 243 days; however, it did have marked stenotic changes. Table VI 
gives the data concerning grafts in this group. 


DISCUSSION 


It is evident on review of the data presented in Tables I through VI that 
aortic homografts implanted into the thoracic aorta were less successful in 
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terms of late complications than grafts implanted into the abdominal aorta. 
We are in partial agreement with Everson and Southwick? in their statement, 
‘“All grafts which remained patent grew [sic] appreciably in both length and 
diameter.’’ In our experiments the increase in graft size failed to keep pace 
in most instances with the growth of the host aorta. This was particularly 
true of the preserved homografts of the thoracic aorta regardless of the graft 
length or diameter at implantation. Although the abdominal aortie grafts in 
our animals showed greater increments in size than similar grafts reported 
by Johnson, Kirby and Horn,® we agree with these authors that ‘‘normal 
growth’’ did not occur in the abdominal grafts (nor in the thoracie grafts in 
our series) with but two exceptions. One short preserved abdominal aortic 
homograft and one long fresh homograft of the thoracic aorta showed ‘‘normal 
growth’’ and complete cellular integrity 195 days and 321 days, respectively, 
after implantation. 


TABLE VI. CHANGES IN PRESERVED SHORT AORTIC HOMOGRAFTS OF THORACIC AORTA 


= S 
Z, 45 25 Z5 44 26 26 a 
8 90 80 17 93 14 229 123 12.5 50 88 


*Degeneration refers to atheromatous-like or calcific changes. 
+Preserved in light mineral oil at 4° C. 


The site of vascular graft implantation appears to be important with 
respect to late degenerative changes which may ultimately render the grafted 
segment useless. Calcifie or atheromatous-like degeneration was found in 11 
per cent of the homografts of the abdominal aorta (combined 2 groups), while 
similar grafts of the thoracic aorta (combined 4 groups) had an incidence of 
late degeneration of 88 per cent. Calcification was noted as early as the nine- 
teenth postoperative day (in a long fresh thoracic homograft), although Parsons, 
Gerbode, and Cox® reported an even earlier appearance of such degeneration in a 
homograft of the abdominal aorta in an adult dog. Calcific or atheromatous- 
like degeneration of aortic homografts implanted into the abdominal aorta 
of adult dogs or growing pigs were reported by Everson and Southwick ;? 
Johnson, Kirby, and Horn,® and Coleman, Deterling, and Parshley.’ Calcifica- 
tion or atheromas were found in arterial homografts of the thoracic aorta in 
adult dogs by Hui and associates® and Gentsch, Waters, and Glenn.’ In our 
series of grafts we have under consideration the combined factors of growth, 
method and period of graft preservation, and graft length as they are related 
to the anatomic site of implantation (thorax and abdomen). 

The graft length, period of graft preservation, and the method of preserva- 
tion do not appear to be significantly related to the high incidence of degenera- 
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tion in thoracic homografts when compared to the abdominal aortic homo- 
grafts. While the grafts implanted in the thoracic aorta were generally 
longer than those put in the abdominal aorta, a comparison of the shorter 
thoracic grafts with the longer abdominal grafts indicates a similar preponder- 
ance in calcification and atheromatous-like formation in the former. It is well to 
point out that calcification of frozen and freeze-dry aortic homografts has 
been noted by Coleman and associates,| Hui and associates,> and Gentsch, 
Waters, and Glenn.* The factors which appear to be important though un- 
proved in the differential behavior of abdominal and thoracic homografts are 
the following: 


1. Difference in the Vascular Bed for the Homograft—In contrast to the 
retroperitoneal tissues of the abdomen, the retropleural vasculature is rather 
sparse. The importance of this factor appears dubious since Parsons, Gerbode, 
and Cox® failed to detect any calcific changes in homografts of the thoracic 
aorta wrapped with silver foil in adult dogs. However, the added factor of 
growth change may require a dynamic and adaptive tissue response which 
arterial homografts cannot meet. 


2. Work Stress on the Aorta—The work stress on the thoracie aorta is 
generally conceded to be greater than on the abdominal aorta. The site of the 
calcium deposits in the thoracie grafts was similar to the deposits observed 
in human subjects having Ménckeberg’s medial sclerosis, a lesion which is 
thought to be related to work stress. Gentsch and his co-workers succeeded in 
producing calcification in one-third of their thoracie grafts by the use of acute 
intravascular stress. 


3. Changes in Intrathoracic Pressure During Normal Respiration.—It is 
not known what relationship this factor may have to the work stress on the 
homografted segment and the vasculature of the adjacent host tissues. This 
factor is not present in the abdominal aortie grafts. 


4, Calcium Mobilization—The thoracic procedures required subperiosteal 
resection of one rib and transection of one or two additional ribs. It is possible 
that the subsequent need for osseous restitution results in a translocation of 
calcium from the serum into the areas of bony injury as well as into foreign 
bodies which may be present, namely, the aortic homografts. 

Aortic homografts have been used to replace segments of the thoracic 
aorta in human beings. Gross* has used a homograft in 14 per cent of the pa- 
tients who had a coarctation of the aorta resected. The age distribution of the 
patients receiving these grafts is not known, but follow-up studies by Gross 
reveal some degree of calcification in 8 per cent of the grafted eases. It is 
unlikely that the growth increment in these patients was comparable to our 
experimental animals. However, similar rapidity of growth and relationship 
to work stress is conceivable in a very young child with a corrected coarctation 
of the aorta. 

The role of the ‘‘immunity response’’ of the host to an aortic homograft is 
important and presumably of equal magnitude whether implantation oceurs in 
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the thoracic or abdominal aorta or any other portion of the arterial system. 
The ultimate development of a satisfactory vascular graft must await the 
determination and understanding of the host-graft immunity reaction. 

In the light of the data presented, the use of aortic homografts in replac- 
ing segments of the thoracic aorta in a growing subject cannot be advocated 
except under the most pressing circumstances since the prognosis of such 
grafts appears poor in experimental animals. 


CONCLUSIONS 


1. Arterial homografts appear to function as satisfactory conduits of 
blood within the period of observation limits of our experiments. 

2. Arterial homografts of the thoracic aorta are less able to keep pace 
with the growth increment of the animal than are homografts of the abdominal 


aorta. 

3. In the growing animal, homografts of the thoracic aorta have a sig- 
nificantly greater incidence of calcific and atheromatous-like degeneration than 
do homografts of the abdominal! aorta. 

4, The factors of graft length, period of graft preservation, and methods 
of preservation used in these experiments do not appear to influence the devel- 
opment of calcification and atheromatous-like formation in homografts of the 


thoracic aorta. 

5. Under rare and unknown conditions, aortic homografts of the abdom- 
inal and thoracic aorta, presumably viable at implantation, may retain com- 
plete cellular integrity and behave like autografts. 


We wish to express our appreciation to Miss Susan Hull for the tissue sections and 
Mr. John Newby for the photographie work. 
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DISCUSSION 


DR. ROBERT E. GROSS, Boston, Mass.—There may be a good deal of difference be- 
tween the pig and the human being so far as fat metabolism and degenerative processes in 
grafts are concerned. In discussing this paper I thought it might be appropriate to add to the 
laboratory observations some facts and data gathered from the implantation of homologous 
aortic grafts in human beings, In a series of 330 patients whom we have operated upon for 
coarctation, we have deemed it necessary in 46 to insert an aortic homograft. Half of 
the grafts had been stored in a balanced salt solution; the other half, representing our 
present technique, have been frozen and stored at -50° C. in carbon dioxide ice. Of the 46 
patients with grafts, three died in the hospital of causes unrelated to the grafting; one 
died six months later from the eventual results of infection. Whether or not infection 
occurred during operation or subsequent to it is impossible to say. 

We are interested in the study of the 42 surviving patients; observations on these are as 
follows: 16 of these grafts have been in place for more than three years; 9 have 
been in place for more than four years. All patients have been operated on for existing 
hypertension; the results in treating this have been exceedingly gratifying. Two have arm 
pressures which have been greatly reduced from the preoperative figures but have not 
quite returned to normal; in the other 40 the arm pressures have dropped to completely 
normal levels. We take this as indirect evidence that the grafts have remained patent. 
In three patienis, x-ray films show a slight deposit of caleium in the graft wall. In no 
instance has roentgen examination showed any evidence of aneurysm formation in these 
grafts, 

The first graft for reconstruction of an aortic pathway was inserted just six years 
ago. At the present time this young man is perfectly well in every way, has normal 
pressures in the arms and legs, and by .x-ray examination has no calcification or dilatation 
of the graft. Our observations of human beings make us very enthusiastic about the use 
of homografts for reconstruction of aortic pathways, when aortic ends cannot be brought 
together for a good primary anastomosis. 


A METHOD OF SUPPLEMENTING THE CORONARY CIRCULATION 
BY A JEJUNAL PEDICLE GRAFT 


James A. Key, M.B., F.R.C.S. (By INVITATION), FREDERICK G. KERGIN, M.D., 
MAS., F.R.C.S., Yves Martineau, M.D. (By INVITATION), AND 
R. G. Leckey, M.D. (By INVITATION) 
TORONTO, ONTARIO 


HE average survival period of patients who have coronary artery insuf- 
ficiency with angina pectoris bears eloquent testimony to the gravity of 
the disease. Five years is the figure reported by Parker, and associates,’ in a 
survey of 3,440 cases. Furthermore, in patients who have had coronary in- 
faretion with or without previous or subsequent angina, the picture is even 
more gloomy. Of 488 such cases reported by Katz and his co-workers,’ 25 per 
cent were dead in two months, 50 per cent at the end of one year, and 75 per 
cent at the end of three years. 

There can be little doubt, therefore, that any investigation is worth while 
which has as its eventual, though perhaps distant, goal an improved prognosis 
for patients with coronary artery insufficiency. 

The object of the present paper is to review the literature briefly and to 
submit a preliminary report on a new surgical method which has been carried 
out experimentally in dogs. 


HISTORICAL 


Fig. 1 depicts in diagrammatic form some of the surgical procedures which 
have been attempted so far to supplement the coronary circulation in animals 
and man. These have, as their aim, two main principles. One is to establish an 
intercoronary anastomosis, the other to establish an extracoronary anastomosis. 
Some of the methods, including the one to be described, would appear to stimu- 
late both types of anastomoses. 

Beck and O’Shaughnessy deserve much of the credit for pioneer experi- 
mental work in this field of surgery. Beck and his co-workers*** sutured the 
pectoralis major muscle to the myocardium to promote vascular adhesions, and 
O’Shaughnessy* * sewed the great omentum to the myocardium for the same 
purpose. Beck reported his operation of anastomosis of a systemic artery into 
the coronary sinus in 1948. Fauteux'! advocated ligature of the great coronary 


The necessary funds for this project were provided by the J. P. Bickell Foundation, 
University of Toronto, Ontario. 

Read at the Thirty-fourth Annual eee of The American Association for Thoracic 
Surgery at Montreal, Quebec, May 3 to 5, 1954. 
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vein in association with pericoronary neurectomy, and Carter and associates’ 
and Moran and associates’® have used lung and skin pedicle graft respectively 
to augment the blood supply to the ischemic heart. 

Heinbecker and Barton*® in 1939 reported their experiments to this associa- 
tion in the creation of a sterile adhesive pericarditis by the injection into the 
pericardial cavity of sodium morrhuate, lionite, or carborundum sand. In 1942 
Thompson and Raisbeck'” ** applied this idea to patients, using taleum powder 
and other agents. 

Vineberg’®** has carried out careful investigations into the value of an 


internal mammary artery implant in coronary artery insufficiency in animals 
and man. 
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Fig. 1.—Diagrammatic representation of some of the methods which have been used to supple- 
ment the coronary circulation in animals and man. 


ANATOMY 


Anatomical studies?*-*? have shown the presence of- anastomoses between the 
right and left coronary arteries in animals. Such anastomoses are inereased by 
the presence of myocardial infarction or by pericardial inflammation. 

No matter how rich the network of blood vessels which supply the myo- 
cardium in man and animals may be, the coronary arteries are essentially 
terminal arteries and occlusion of one or more of them by experiment or dis- 
ease carries a high immediate mortality. 
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Beck has shown experimentally in dogs that their life may virtually hang 
by a thread. In effect, ligature of three or four small branches of the left 
coronary artery produces no serious myocardial change, but ligature of one 
small additional branch results in ventricular fibrillation and death. 

Such an observation supports the idea that any new contribution to the 
vascularity of an ischemic myocardium may tip the seales in favor of continued 
survival. 
METHODS 


One hundred and eleven operations were carried out on 73 mongrel dogs 
of an average weight of 15 kilograms. 

Preoperative Preparation—The animals were allowed fluids only for 36 
hours preoperatively and were given 300,000 units of penicillin and 1 Gm. of 
streptomycin on the morning of operation. 

Anesthesia.—The anesthetic induction consisted of an intravenous injection 
of Nembutal, 35 mg. per kilogram of body weight. During the operation, oxygen 
and ether were administered by an intratracheal tube and positive pressure was 
maintained while the chest was open. 


Operation-— 

1. Resection of an intestinal segment: A midline supraumbilical incision 
was employed for the abdominal part of the operation (Fig. 2, A) and a 
proximal loop of jejunum selected which could reach the cardiac apex with least 
tension on its vascular pedicle (Fig. 2, B). A segment of bowel of approximately 
5 to 6 inches in length was isolated from the rest of the bowel together with its 
intact blood supply (Fig. 2, (). The marginal vessels at each end of this 
segment were ligated to avoid possible hematoma formation between the layers 
of its mesentery. Having isolated this wedge of bowel, continuity of the re- 
mainder of the jejunum was restored by end-to-end anastomosis, 


2. Preparation of the graft: The isolated jejunal segment was then opened 
along its antimesenteric border (Fig. 2, D) and the mucosa stripped off, leaving 
a flat surface composed of serous and muscular coats of the bowel (Fig. 2, £). 
During this procedure bleeding was best controlled by applying a light arterial 
clamp across the origin of the jejunal artery supplying the segment of bowel. 
Following removal of the mucosa, the arterial clamp was released and the graft 
gently compressed by layers of gauze soaked in normal saline to ensure 
hemostasis. After preparation of the graft, all equipment already employed was 
discarded. 

3. Exposure of the heart and partial epicardectomy: A thoracotomy was 
then carried out through the left fifth interspace (Fig. 2, 4). The pericardium 
was opened and the myocardium sprayed with a 1 per cent procaine solution. 
With the aid of an Allis clamp and dissecting scissors, the epicardium was re- 
moved from the anterolateral aspect of the left ventricle (Fig. 2, F). This last 
maneuver can usually be done without damaging the superficial vessels of the 
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myocardium. It is essential to strip the epicardium adequately so that the 
serosal cells, being capable of rapid regeneration, may not multiply and act as a 
barrier to developing collateral capillary buds. 


Fig. 2.—Steps involved in the surgical technique of applying a jejunal pedicle graft to the 
myocardium in dogs. 


4, Fixation of the jejunal graft on the myocardium: The anterior portion 
of the left diaphragm was incised for about 2 em. Through the opening thus 
made, the jejunal graft was drawn into the chest and fixed to the prepared 
myocardial bed with 8 to 10 fine silk sutures (Fig. 2, G and H). The graft 
should be snugly in contact with the myocardium and not stretched too tautly 
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and there must be no tension on the pedicle artery. The pericardial sae was left 
widely open. The abdomen first, and then the chest was closed in successive 
layers, care being taken to ensure complete re-expansion of the left lung. 


OPERATIVE AND POSTOPERATIVE COMPLICATIONS 


The entire operative procedure took approximately one hour and a half 
and was well tolerated by the animals. Supportive intravenous therapy was 
not employed. 

There were 5 deaths encountered in a series of 35 consecutive operations. 
Two were due to the development of jejunal fistula at the site of end-to-end 
anastomosis of the jejunum; one was due to evisceration following infection 
of the abdominal wound, and one death resulted from prolonged hypoxia 
during anesthesia. The fifth death was due to cardiae arrest of unknown 
etiology. The first four deaths should all have been avoidable. 

There were no cases of herniation through the diaphragm at the point 
where the pedicle passed from the abdomen into the chest. 


INVESTIGATION TO DETERMINE THE EFFICACY OF THE JEJUNAL GRAFT 


I. As a Protection Against Ligation of the Anterior Descending Branch of 
the Left Coronary Artery at Its Origin.— 

1. In a control series of 30 normal dogs in which the anterior descending 
branch of the left coronary artery was ligated and divided at its origin, there 
were 22 deaths, a mortality of 73.3 per cent. Whether ligation and division of 
the artery was proximal or distal to the septal branch, it did not influence the 
mortality statistics in this series. 

2. In 30 dogs which had had a jejunal graft carried out three months 
previously, similar ligation of the left coronary artery resulted in 2 deaths, a 
mortality of 6.9 per cent. 

It is well recognized that in certain dogs the anatomical configuration at 
the origin of the left coronary artery varies widely. In some dogs, for example, 
a single left coronary artery was replaced by a leash of four or five vessels 
arising almost directly from the aorta. In such eases the protection afforded 
by our graft was only accepted as valid if, on final sacrifice of the animal, liga- 
ture of one or more of these anomalous vessels had produced a recognizable 
infaret, even though such infarets were commonly much smaller than the infarets 
produced by coronary ligation in the control dogs. 

Following the sacrifice of all normal and grafted dogs, the point of ligation 
and division of the anterior descending branch of the left coronary artery 
was verified by careful dissection. 


II. Electrocardiographic tracings were 
made on 12 dogs at the time of coronary ligation. Such a ligation in 3 normal 
dogs produced marked electrocardiographic changes consistent with myo- 
cardial infarction. Of the 9 grafted dogs, similar ligation produced no electro- 
eardiographie changes in 6 of them, and only minimal changes in the 


remaining 3. 
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III. Size of the Infarct.—In the 8 normal dogs surviving coronary ligation, 
subsequent investigation showed they all had large areas of infarction. In an 
equal number of grafted dogs, 5 had only small areas of infaretion and the 
remaining 3 had areas of involvement similar to the control series. 


IV. Injection Studies—Two months after ligation of the coronary artery, 
the grafted dogs were sacrificed; injection of the pedicle artery was carried out 
under controlled pressure not exceeding 140 mm. Hg. 

Radiopaque solutions were used. 


1. Ten per cent solution of colloidal silver iodide. This solution passes 
freely through capillaries. 

2. Twenty per cent bismuth oxychloride with a particle size of not less than 
20 microns. This solution will only pass through arterioles of a caliber equal to 
or greater than 20 microns. 

3. Thirty-five per cent Diodrast. This solution also passes freely through 
capillaries. 

By means of this injection technique, free communication between the 
jejunal pedicle artery and the coronary vessels was verified in 18 of the 30 
grafts thus examined. In an additional 4 dogs the pedicle artery and graft 
filled completely, but the dye failed to pass across the graft bed into the myo- 
cardial vessels. In 8 cases we were unable to demonstrate patency of the 
pedicle artery. In the 18 injections which confirmed a direct anastomoses 
between the jejunal artery and the coronary arteries, 6 allowed free passage 
of the bismuth oxychloride solution, thus denoting anastomoses between graft 
and myocardium of probable arteriolar dimensions. In the remaining 12, 
silver iodide or Diodrast were the only solutions which would pass from the 
jejunal artery through the graft and into the coronary vessels. It was thus 
inferred in those cases, that the anastomoses were primarily of capillary size. 

In those eases of successful injection, it was also noted that a richer inter- 
coronary anastomosis had developed than was noted in the injection of the 
coronary vessels in normal dogs. This was evidenced by the fact that the 
anastomosis between the right and left coronary arterial systems was much 
more profuse and constant than it was in our normal controls. 

An example of the injection of bismuth oxychloride into the coronary 
arteries by way of the jejunal pedicle artery is shown in Fig. 3. 


HISTOLOGIC STUDIES 


Histologic studies of the graft preparation following sacrifice of the 
animals confirmed the evidence already obtained by injection studies that 
patent vascular channels existed between the graft and the myocardium. A 
considerable number of such channels were of arteriolar dimensions. 


They also demonstrated that there was no evidence of regeneration of the 
jejunal mucosa which had been removed some four or five months previously. 
Examination of the pedicle in those animals in whieh injection had failed 
revealed certain important observations. In some of the cases there appeared 
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to be quite large patent arterial channels in the pedicle which would suggest 
that failure to inject them was probably a technical one. In others the main 
jejunal artery or its first or second divisions showed a marked generalized 
thickening of the vessel wall in which all layers were equally involved. Ina 
few there was a suggestion of intimal proliferation. 


Fig. 3.—Roentgenogram showing injection of coronary arteries via the jejunal pedicle artery. 
The injection medium is bismuth oxychloride. 


In others there appeared to be a fibrosis of the pedicle with disappearance 
of any recognizable vessel. These changes were only present proximal to the 
point where the pedicle passed through the diaphragm and suggested that 
constriction at this level may have played an important part in the subsequent 


histologie changes. 


DISCUSSION 
In considering the merits of any surgical procedure which might supple- 
ment the coronary circulation in animals or man certain features are of im- 
portance. The procedure should be a relatively simple performance. Any 
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graft or implant should have a fairly wide surface of application, and preferably 
should be based on a systemic artery of major caliber, the diversion of which 
should not jeopardize any vital structure or other major artery. Ideally such 
a graft should stimulate intercoronary, as well as extracoronary, anastomosis. 

It was felt that a mucosal-free graft of jejunum based on a large jejunal 
artery might satisfy such criteria. With these factors in mind, the present 
series of experiments were devised and carried out. 

The operation proved to be simple to perform, although our early opera- 
tive mortality was relatively high, as has been pointed out already. Four of 
the five deaths should have been avoidable, even when one considers the fact 
that many of the animals operated on were far from ideal surgical risks. 

It was found possible to create a graft surface area of almost any dimen- 
sion required. 

Preparation of the graft bed by removal of the epicardium is the only 
difficult part of the operation and it is not so difficult as it is tedious. With 
careful dissection using blunt, thin-bladed scissors, the epicardium ean be dis- 
sected off the underlying myocardium and superficial vessels. Occasionally a 
small vein may be ruptured and has to be sutured if local pressure will not 
arrest the bleeding. 

The jejunal arteries upon which the graft was based were always of good 
size and, as was to be expected, the diversion of one such artery in no way 
jeopardized the adjacent jejunal vessels. 

Once the theoretical criteria of a new surgical procedure appear to have 
been fulfilled, it is obviously of great importance to find out if such a pro- 
cedure actually works in practice. Unfortunately the methods used to 
determine the efficiency of such an experiment in dogs leave much to be 
desired. 

The protection afforded dogs following ligation of the anterior descending 
branch of the left coronary artery has been used most frequently to assess 
the value of any experiment which aims at supplementing the coronary cireu- 
lation. It has been suggested that the results of such a procedure vary accord- 
ing to the point at which this artery is ligated. 

It is probable that any procedure aimed at improving the coronary blood 
supply to the heart will give a high survival rate following ligation of the 
anterior descending branch of the left coronary artery if that artery be ligated 
too far from its origin. However, such results will be placed in their proper 
perspective if they are compared with the survival rates obtained in a series of 
normal control dogs, following an exactly similar type of ligation. 

The survival rate following coronary ligation in this series was 93.1 per 
cent in our grafted dogs and only 26.7 per cent in the normal control dogs. 

The injection studies revealed patency of the jejunal artery and direct 
anastomosis between it and the coronary arteries in 61 per cent of the dogs, 
with patency of the jejunal artery and vessels of the graft in an additional 
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14 per cent. The histologic studies suggested that failure to inject the pedicle 
vessels in some instances was almost certainly due to failures in technique. 

These injection studies further suggested that in the majority of in- 
stances, the type of anastomosis developed between the graft and the myo- 
cardium was primarily a capillary one. This is to be expected from the nature 
of the procedure, but it is probable that the volume of blood which can pass 
through such a large capillary bed as is provided by a jejunal graft may equal 
that derived from several single small arteries. 

The electrocardiographic findings are of interest. The immediate danger of 
coronary occlusion in animals and man is not primarily the damage to the myo- 
cardium per se, but to the interference with normal heart action which results. 
Acute deaths are due to ventricular fibrillation. The dangers due to actual 

1 myocardial ischemia such as myocardial rupture or aneurysm are late com- 
plications. The fact that out of 9 of the grafted dogs, the electrocardiographic 
tracings following coronary ligation were normal in 6 and showed only 
minimal changes in the other 3 is probably therefore of significance, and would 
suggest that such a graft gives good immediate protection to coronary ligation - 
in dogs. 

One additional factor should be mentioned. It has been suggested that in 
certain grafting procedures to the heart, the blood eventually flows from the 
heart to the vessels of the graft and not, as is intended, in the reverse direc- 
tion. It was a simple procedure in these experiments to show that the flow 
was from jejunal artery to the myocardium, as digital occlusion of the jejunal 
artery at its origin obliterated all pulsations between this point and the heart, 
and similar occlusion of the jejunal artery at the cardiac apex failed to 
obliterate the jejunal pulsations in the proximal portion of the artery. 

Further studies are proceeding in an attempt to improve the technique 
of our experiments and to determine the possible cause of any failures. 


SUMMARY 


1. A method of supplementing the coronary circulation in dogs by jejunal 
pedicle graft is presented. : 

2. The operative procedure is outlined. 

3. The results of investigations to determine the efficacy of the graft are 
reported. 

4. The survival rate following coronary ligation in normal control dogs 
was 26.7 per cent and in grafted dogs 93.1 per cent. 

5. The possible advantages of the method of jejunal pedicle graft are 
discussed. 


It is a pleasure to acknowledge the valuable technical assistance given this project 
by Mr. Walter Cowan and Mr. Kenneth Burley. 
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DISCUSSION 

DR. JOHN R. FOX, JR., Memphis, Tenn.—Because of the unsettled status of various 
cardiopexy procedures, we at Kennedy Hospital have tried to work out some of the prin- 
ciples involved. The amount of anastomosis with the anterior descending coronary artery 
is rather variable. There is usually a large branch at the apex and often one or more 
proximal branches communicating from the circumflex branch of thé left coronary artery. 

This slide shows the sites of ligation employed in dog experiments. The communicat- 
ing branches are ligated at whatever preliminary operation is done and the anterior 
descending artery as a subsequent procedure. In this way a constant area of infarction 
has been obtained. 

With ligation alone, a 70 per cent mortality rate has been encountered. With taleum 
powder used to create an adhesive pericarditis, the mortality following ligation dropped 
to 10 per cent, although the infarcted areas have been nearly as large. The amount of 
new circulation induced by this method has not been impressive, but there has been much 
less bulging of the ventricular wall after ligation. Perhaps the adherent pericardium 
serves as a splint, preventing blowouts and enabling efficient pumping to continue. 

Because of the size and proximity of the left gastric vessels, various cardiopexies 
have been done with pedicles employing these vessels, ranging from full thickness grafts 
denuded of mucosa to implantation of the artery branches themselves into the myocardium. 
The most successful method has been to free up a split layer of gastric wall by water in- 
jection and then to suture this to the left ventricular wall, which is first roughened and 
powdered with taleum powder. All dogs so prepared have survived coronary ligation and 
have shown very minimal infarction. 
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CONTROLLED CROSS CIRCULATION FOR OPEN INTRACARDIAC 
SURGERY 


PHYSIOLOGIC STUDIES AND RESULTS OF CREATION AND CLOSURE OF VENTRICULAR 
SEPTAL DEFECTS 


Hersert Warpen, M.D.,* Moruey CoHen, M.D.,** Raymonp C. Reap, M.D., 
AND Watton LILLEHEI, M.D. (ALL BY INVITATION) 
MINNEAPOLIS, MINN. 


HE curative surgical attack on a number of intracardiae lesions has been 

stymied by the lack of a safe and satisfactory method for operating in a 
leisurely fashion under direct vision within the open chambers of the heart. 
Appreciating the historic lesson that the solution of many problems in medicine 
has ultimately been simple and, in most cases, obvious, once sufficient knowl- 
edge has been brought to bear upon the problem, we began work several years 
ago to look for a simple, safe, and efficient method for open intracardiac 
surgery. 

The first step toward this goal was the definition of the tolerance of the 
canine heart and other organs to complete inflow stasis at normal tempera- 
tures. The second major step was the demonstration by Andreasen and Wat- 
son’ and Cohen and Lillehei® that dogs were able to survive long periods of 
complete vena caval occlusion without discernible injury if the flow through 
the azygos vein into the heart was unimpeded. Cohen then measured the 
azygos flow in terms of ¢.c./min./kg. of body weight. He found this azygos 
flow to be 8 to 14 ¢.¢./min./kg. of body weight or slightly less than 10 per cent 
of the generally accepted basal eardiae output. Careful physiologic studies 
of these dogs uniformly surviving 30- to 60-minute periods on their azygos flow, 
indicated that under these conditions the dog’s body became tremendously 
more efficient in its utilization of oxygen. 

The significance of these studies in reference to cardiae by-pass was ob- 
vious, and the next step was to acquire a simple and efficient pumpt capable 
of pumping blood in two circuits simultaneously and in exactly equal amounts. 

Modification of the mode of oxygenation of blood was then approached. 
It was apparent to us that the intricacies of this process could be avoided if 
normal lung tissue could be employed for this purpose. Also, existing extra- 
corporeal oxygenators inevitably removed platelets and fibrinogen so that 
postoperative clotting defects were likely. Likewise, in most mechanical oxy- 


“ From The Department of Surgery, University of Minnesota Medical School, Minneapolis, 
nn. 
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genators the second most important function of the lungs has been ignored, 
namely, the filtration from the blood of harmful particulate matter* including 
bacteria. Finally, a substantial amount of physiologic evidence has suggested 
that lung tissue has certain somewhat more obscure but, quite possibly, im- 
portant functions in reference to revitalizing the blood that circulates through 
them. 

A very satisfactory solution to the oxygenation problem was developed 
experimentally by utilizing a lobe of the dog’s own lung.® However, this 
method had the technical disadvantages of delicate cannulations and the neces- 
sity for keeping the lungs inflated during the intracardiac procedure, thus 
interfering with access to the heart. 

In an attempt to eliminate these shortcomings of the autogenous lobe ex- 
periments, we turned to the use of a donor circulation to oxygenate and re- 
vitalize the blood and utilized the same pump to control accurately the ex- 
change of blood which had been the major pitfall of this method in the hands 
of others.” * ° By this method of controlled cross circulation there was inter- 
posed between donor and recipient a single pump which circulates equal 
amounts of oxygenated blood from the donor’s artery to the recipient’s aorta, 
and venous blood from the recipient’s cavae to the donor’s venous circulation. 


METHOD 


Healthy mongrel dogs weighing from 9 to 18 kg. were used as recipients, while’ 
the donors ranged from 15 to 32 kg. in weight. Preoperatively, each received 4 to 5 mg. 
of morphine per kilogram and 1499 grain atropine. Pentothal sodium (2% per cent 
intravenously was used as the anesthetic agent. Each animal had an endotracheal tube 
inserted. The recipient was ventilated by a mechanical respirator while his chest was 
opened. During the interval of cardiac by-pass, the recipient’s lungs were collapsed, and 
the donor was ventilated with 100 per cent oxygen. 

The donor was placed on his back on a table (Fig. 1, 4), the foot of which was at 
right angles to the head of the recipient (Fig. 1, B), who was positioned preparatory for a 
right thoracotomy. The femoral artery and vein of the donor were isolated and cannulated 
with plastic 12 Fr. catheters (Fig. 1, 44), following which he was heparinized (0.75 mg./Ib.). 
The right common carotid artery and the external jugular vein of the recipient were isolated 
and the carotid cannula inserted and passed 5 to 6 em. toward the aorta (Fig. 1, B and BB). A 
thoracotomy was then made through the right fifth interspace of the recipient, the azygos 
vein was ligated, and umbilical tapes were passed around the superior and inferior venae 
cavae at their entrance into the heart (Fig. 1, BB). Next, the pericardium was incised 
longitudinally just anterior to the phrenic nerve, and the anterior margin of the pericar- 
dium was sutured to the wound margin to elevate the heart in sling fashion into the 
operative field. The recipient was then given 0.75 mg. heparin per kilogram intravenously, 
and the jugular vein cannulization was made. This cannula had accessory holes cut along 
its shaft at a distance from the tip greater than the space between the vena caval tapes in 
the animal concerned, As this cannula was passed down the jugular into the caval system, 
the tip was guided into the inferior vena cava and positioned so that the holes in the 
catheter were well above and below the superior and inferior vena caval occluding tapes, 
respectively (Fig. 1, BB). 

With these animal preparations completed, the final step was the connection of the 
pump (Fig. 1, C) to the plastic cannulae. The desired flow was determined on the basis of 
the recipient’s preoperative weight and the azygos flow factor. The pump was set to 
deliver this amount in each cireuit. One of the afferent limbs of the pump tubing was 
connected to the donor’s femoral artery cannula and the pump was turned on momentarily 
to fill this half of the extracorporeal circuit. The efferent end of this circuit was then con- 
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nected to the recipient’s carotid artery cannula, thus completing the arterial circuit. Next 
the remaining afferent limb of the pump was attached to the recipient’s caval cannula; the 
pump was again run for a short interval to fill this portion of the circuit, whereupon the 
remaining efferent limb was connected to the femoral vein cannula of the donor. The total 
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Fig. 1.—Controlled cross-circulation. A, Donor animal showing site of arterial and 
venous cannulations. AA, Close-up of the femoral arterial and venous catheters positioned 
with their tips in the aorta and vena cava, respectively. B, Recipient animal (patient) demon- 
strating the position of the arterial cannula in the carotid artery directed toward the aorta, 
and the venous cannula inserted through jugular vein and positioned so that venous blood is 
simultaneously removed from both the superior and the inferior venae cavae (refer to close- 
up, BB). C, The pump. The entire system has only two controls: one is the speed changer 
which couples the motor to the pump and which is set prior to starting the pump, and the 
other is a switch to turn the motor on and off. 
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quantity of blood required to fill these two circuits was approximately 120 ¢.c. With the 
arterial and venous circuits connected, the pump was turned on, the venae cavae occluded, 
and the right ventricle opened widely through either a vertical or a horizontal cardiotomy. 
A soft plastic suction tip was then inserted well up into the right ventricular outflow tract 
to remove coronary sinus and thebesian blood. In those animals where a septal defect was 
made, a cork borer or a No. 11 Bard-Parker knife was inserted through the upper portion 
of the ventricular septum. Immediately following this, a second plastic sucking catheter 
was passed through the defect into the left ventricle where it remained during placement 
of the septal closure sutures. Just before these were tied, the septal sucker was replaced 
by a metal cannula which injected 5 per cent glucose into the left ventricle for the purpose 
of air displacement. This flow continued until the first septal suture was tied, whereupon 
the cannula was withdrawn. The remaining sutures were tied and cut; repair of the car- 
diotomy was done by a continuous full-thickness silk suture. During closure of the ven- 
tricular cardiotomy no attempt was made to remove coronary sinus blood with resultant 
gradual filling of the right ventricular cavity. As closure of the cardiotomy was completed, 
the recipient was put back on the mechanical respirator and the inferior vena caval tape 
was released gradually and carefully to avoid dilatation of the right auricle. After this 
the superior vena cava was similarly released slowly and the pump turned off. The chest 
was then closed and the cannulae were removed from the patient and donor with ligation of 
all vessels concerned. The recipient was usually given 50 mg. of protamine sulfate and 500 
mg. of calcium intravenously at this time. Postoperatively all animals were given 600,000 
units of penicillin intravenously once daily for 4 to 5 days, and 300,000 units procaine 
penicillin and 0.5 Gm. streptomycin intramuscularly for one week. 

In those animals in which physiologic studies were performed during complete cardiac 
by-pass, the ventricular cardiotomy was not performed. * 


RESULTS 

The results of these studies involving cross circulation may be conven- 
iently subdivided into two categories. 

Group 1, the study group, consisted of 31 dogs (17 as recipients and 14 
as donors, 3 serving as donors twice) utilized for certain physiologic and 
metabolic observations to ascertain efficiency of this method for maintenance 
of complete cardiae by-pass for thirty minutes. As mentioned above, cardi- 
otomies were not performed in this group of animals. 

Group 2, the operative group, consisted of 67 dogs (37 as recipients, and 
30 as donors, 7 serving twice) in which right ventricular cardiotomies with 
the creation and then immediate closure of a high ventricular septal defect 
was performed. With the exception of plasma hemoglobin determinations, no 
physiologic studies were performed on these animals. These operations were 
done with clean, but not sterile technique; their principle objective was to de- 
termine the tolerance of the myocardium (and conduction system) to cardioto- 
mies and interventricular septal suture at blood flow rates consisting of vari- 
ous multiples (1 to 5.5+ times) of the azygos flow. 


PHYSIOLOGIC OBSERVATIONS 


These seventeen animals in the study group were further subdivided into 
three categories upon the basis of the rate of blood flow used to perfuse the 
whole body of the recipient during the period of total cardiae by-pass. 


*Since the lungs of the recipient were completely collapsed during the entire period of 
cardiac by-pass, the internal recirculation of the coronary sinus flow contributed nothing to 
the animal’s survival in these study animals. 

+5.5 times the azygos flow is approximately 30 to 50 per cent of the usually accepted 


basal cardiac output. 
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Group A, represents the dogs in which the pump was set to deliver an 
amount of blood exactly equal to the recipient’s azygos flow* as calculated 
from the previous measurements’ upon azygos flow in relationship to body 
weight. 

Group A, represents dogs who received a rate of blood flow to the recip- 
ient of twice A,. 

Group A; represents dogs who received a rate of blood flow three times A,. 

There were two animals in Group A,, seven in Group A2, and eight in 
Group A;. Group A, was limited to such a small number of animals because 
the results obtained seemed to closely parallel those of the autogenous lobe 
study’ in which flows of the same magnitude were used. Further, the experi- 
ments involving creation and closure of ventricular septal defects indicated 
that the heart tolerated trauma poorly while receiving flows of A, magnitude, 
so that it did not seem practical to expand this group. 


TABLE I. BLOOD PRESSURE ALTERATIONS OF THE RECIPIENT DURING THIRTY MINUTES OF 
CONTROLLED CROSS CIRCULATION (MM. HG) * 


HIGH DURING LOW DURING 


RATE OF FLOW BEFORE CIRCULATION CIRCULATION AFTER 
A, 
(Azygos) 98 , 48 20 95 
(x2) 
3 
(Azygos) 115 80 61 100 
(x3) 


*Average pressures for 7 dogs in Group As, and 8 dogs in Group As. 


Blood Pressure.—The recipient’s mean femoral arterial blood pressure as 
recorded by mereury manometer was observed immediately before, during, and 
within two minutes after shutting off the pump at the conclusion of thirty min- 
utes of total cardiae by-pass. For the two A, animals, the results were similar 
to those observed previously in the autogenous lobe study ranging between 30 
to 40 mm. Hg during by-pass, with a prompt return to control levels after 
conclusion of the by-pass. The group A, animals had a control blood pressure 
of 98 mm. Hg with a mean hight of 48 mm. Hg and a mean lowt of 20 mm. Hg. 
The return to control levels was prompt. 

The A, group had a less severe drop in systemic blood pressure with a 
mean high of 80 mm. Hg and a mean low of 61 mm. Hg during the eross-cireu- 
lation period. These data, in respect to the blood pressure changes, are sum- 
marized in Table I. 


Hemolysis.-—The degree of hemolysis occurring during these cross-cireula- 
tion studies was measured by plasma hemoglobin determinations done just prior 
to starting the pump and one-half hour after the completion of the 30-minute run. 
Although the plasma hemoglobin levels were quite variable, it is evident from 
the data depicted in Table IT that some red-cell destruction does occur and, as 


*BKight to 14 c.c./kg. body weight/minute. 


+Represents the average of the highest recording that was maintained for at least five 
minutes during the time of total cardiac by-pass. 


tRepresents the mean of the lowest levels attained at any time during the by-pass period. 
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might be anticipated, tended to increase in proportion to the increase in flow 
rate. However, in light of the well-known fragility of canine red cells, the 
maximum values observed did not appear excessive. 


TABLE II, PLASMA HEMOGLOBIN DETERMINATIONS AFTER THIRTY MINUTES OF CONTROLLED 
CROSS CIRCULATION (MG. PER CENT) 


RECIPIENT DONOR 
RATE OF FLOW NO. DOGS | BEFORE | AFTER | BEFORE | AFTER 
2 31.5 46.7 
(Azygos) 
A, 7 30.8 49.9 ~ 50.6 
(Azygos) 
(x2) 
A; 8 39.1 128.4 35.7 142.1 
7 (Azygos) 
(x3) 


Hemoglobin and Hematocrit Values—Hematocrit and hemoglobin deter- 
minations were made just prior to and just after the conclusion of the period of 

~ inflow stasis on all recipients and on all donors in Groups A, and A; (Table IIT). 
In every instance there was a rise in the hemoglobin content ranging from 2 to 
3 Gm. per cent with a corresponding rise in hematocrit. This hemoconcentration 
was transient, and within two hours postoperatively, all values had returned to 
the preoperative levels. 


Blood Oxygen and Carbon Dioxide Contents—Arterial, venous, and cere- 
bral* arterial oxygen determinations were made on all recipients before the 
onset and just prior to the end of 30 minutes of total cardiae by-pass. In each 
of the three groups it may be noted (Table III) that there was a mean in- 
crease of from 2.5 to over 5 volume per cent in the 30-minute arterial oxygen 
content over that observed in the control state. This rise appears to parallel 
the hemoconcentration observed. 

On the other hand, the venous samples drawn near the end of 30 minutes 
of total by-pass showed a marked drop in their oxygen content from control 
levels of 10 to 14 volumes per cent to 3 to 6 volumes per cent. This desatura- 
tion was maximum in the A, group of animals where the mean 30-minute 
venous oxygen content was only 3.09 volumes per cent, while in Group A, 
it was 4.50 volumes per cent, and in Group A; it was 6.40 volumes per cent. 
This variation in groups no doubt reflects the difference in perfusion rates, 
with slower flows permitting more complete utilization of available oxygen 
by the tissues. The recipients’ cerebral arterial samples had slightly smaller 
oxygen contents than their systemic arterial samples, but showed the same 
alterations as did the other arterial samples, namely, an increase during the 
perfusion period. These lower contents were explained by the fact that these 
samples were taken from the distal end of the carotid used for cannulation, 
and therefore came from the cerebral collateral circulation. 

The venous carbon dioxide contents shown in Table IIT merely demon- 
strate an expected increase in the carbon dioxide content of the venous blood 
returning to the donor for oxygenation. 


*Samples drawn from distal (cerebral) end of the carotid artery used for cannulization. 
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Arterial pH.—Arterial blood samples were drawn (before perfusion) for 
pH determinations on all animals (with the exception of the two donors in 
Group A,). The 30-minute samples were drawn directly from the arterial 
portion of the extracorporeal circuit with the pump running, and were inter- 
preted as representing the pH of both animals, since complete mixing of the 
bloods had oceurred several times over by this time. It is interesting to note 
that the mean control pH levels in the recipients were slightly on the alkalotie 
side, while the donors were slightly acidotic. This difference, we believe, re- 
sulted from the fact that the recipients were artificially ventilated by a me- 
chanical respirator during the preparatory phases, while the donors were al- 
lowed to breathe on their own during this phase. This discrepancy has been 
eliminated in subsequent studies. 

The pH values in the postperfusion samples showed a consistent fall from 
the control values (Table II1). The decline in pH was greater than had been 
anticipated, for it was expected that the presence of the normally functioning 
lungs, liver, and kidney of the donor in the extracorporeal circuit would reduce 
. the magnitude of this change as compared with the degree of acidosis observed 
in the autogenous lobe experiments.’ However, it may well be that, had the 
donor been properly ventilated throughout the entire procedure to prevent this 
initial acidosis, this drop in pH might have been considerably less. 

In the course of these studies in which total cardiae by-pass was main- 
tained for 30 minutes, there were no deaths among the donors; 3 of the 17 
recipient study animals died 24 hours after surgery. In all three of these 
animals death was due to a preventable complication (two of postoperative 
hemorrhage into the chest, and one of atelectasis with pneumothorax). 


CREATION AND CLOSURE OF VENTRICULAR SEPTAL DEFECTS BY SUTURE 


In this second (or operative) group of animals there were 37 dogs in which 
high interventricular septal defects were created and closed as described. In 
23 of these dogs the rate of perfusion during eardiae by-pass was less than 
three times the calculated azygos flow (based on body weight). In these 23 
animals there were 15 deaths and 8 survivors. Moreover, 2 of the 8 survivors 
had central nervous damage. Ventricular fibrillation occurring in association 
with an atonie myocardium was the most frequent cause of death in this group. 

In 14 dogs the identical operative procedure was carried out with a per- 
fusion rate of 3 to 514 times the calculated azygos flow. In these dogs there 
were 10 (72 per cent) survivors (none with cerebral damage) and 4 deaths. 
Ventricular fibrillation was much less frequent with these higher rates of blood 
flow and in those dogs in which it did occur, the better myocardial tone made 
successful defibrillation the rule. Heart block was observed only onee in 
either group. 

DISCUSSION 

From study of the data presented there are several observations worthy 
of note in regard to this method of controlled cross cireulation utilizing a re- 
duced rate of blood flow for the systemic perfusion of the recipient. The recip- 
ients as a group developed a moderate hemoconcentration, maximal arterial 
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hemoglobin saturation, and marked venous desaturation with a consequent in- 
crease in the coefficient of oxygen utilization. When these changes occurred 
to a moderate degree, they appeared to be beneficial, as has been previously 
discussed.* 7 Moreover, these alterations were not significantly different in 
magnitude from those observed in the autogenous lobe studies.*. The acidosis 
observed in these cross-circulation studies was also similar to that found in 
the earlier studies.’ As noted at that time, we have considered a moderate 
degree of acidosis a desirable feature inasmuch as it augments the dissocia- 
tion of oxyhemoglobin. In these present studies, it is quite possible that the 
degree of acidosis noted was in part due to neglect of adequate ventilation of 
the donor during the preparatory stages of the operation. 

Another noteworthy observation was the apparent tolerance of the recip- 
ient to prolonged periods of hypotension during the eardiae by-pass and the 
rapid return to normal, demonstrated by these animals when venous inflow was 
restored to the heart. This observation would suggest that there may be a 
fundamental difference between hypotension due entirely to a small but well- 
oxygenated quantity of arterial blood circulating (as is the case in the recip- 
ient in the cross circulation setup) and the profoundly deleterious effects of 
prolonged periods of hypotension due to low cardiae output occasioned by 
trauma or blood loss. 

The results of the operative series indicated in a striking manner the ef- 
fects that an increased perfusion rate had upon the tolerance of the heart to 
surgical trauma. The manner in which the heart tolerated septal incision and 
suture in the group of animals perfused at flow rates 3 to 51% times the azygos 
level indicated that the recipient’s blood perfusion rate during total cardiae 
by-pass can be substantially reduced in quantity without significantly reducing 
the tolerance of the myocardium to surgical manipulation. The several com- 
pensatory factors responsible for this favorable state of affairs have been pre- 
viously diseussed.** One of the most important of these protective factors 
related to the myocardium itself is the fact that once the heart has been re- 
lieved of its work load by the pump, its oxygen consumption is drastically re- 
dueed. Thus, maintenance of more coronary flow than is needed serves no 
useful purpose and is actually detrimental because, if the heart is opened, 
blood loss will be increased and the surgeons’ vision obscured. Other ad- 
vantages of perfusing the body with less than the generally accepted basal 
cardiac output are the greater simplicity and consequent safety possible. 
Therefore, it becomes of the utmost importance to define objectively the opti- 
mum level to which total body flow may be quantitatively reduced without un- 
toward sequelae. The operative results suggest that this optimum level is 
somewhere between 30 and 50 per cent of the basal cardiae output. Obviously, 
further physiologic studies are required to determine this important informa- 
tion precisely. 

The dangers to the donor in controlled cross circulation appear to be 
negligible if due attention is paid to the canine blood groups’? and to air em- 
bolism. The latter has occurred only when the recipient’s vena caval catheter 
was improperly placed, so that blood was not aspirated simultaneously from 
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both caval systems or improperly placed so that one of the openings lay within 
the occluding tapes and air was aspirated when the heart was opened. Like- 
wise, it is important that the donor’s arterial catheter tip be in the aorta to 
prevent the openings being occluded by a collapsed vessel wall. 

The temporary physiologic effects of controlled cross circulation upon the 
donor are similar to an arteriovenous fistula. 


SUMMARY AND CONCLUSIONS 


1. Controlled cross circulation consists of the reciprocal transfer of blood 
from the arterial system of the donor to the arterial circulation of the recipient, 
and from the venous system of the recipient to the veins of the donor. 

2. The use of a single pump capable of pumping two circuits simultane- 
ously and in equal amounts has served to control this interchange of blood 
efficiently and safely. 

3. With two animals linked together by means of controlled cross cireula- 
tion, the recipient’s cardiac inflow was completely occluded for 30 minutes in 
17 dogs in which physiologic studies were made and in 37 other recipient ani- 
mals in which a right ventricular eardiotomy with creation and closure by 
suture of a defect in the interventricular septum was performed. 

4. In the 17 recipient animals comprising the study group, the circulatory 
flow during their period of total cardiae by-pass was reduced substantially 
below their normal basal cardiac output. 

5. No harmful effects were observed in the recipients following total 
cardiac by-pass at these reduced rates of flow. Recovery was uniformly 
prompt and without sequelae. 

6. Physiologie observations upon blood pressure, hemolysis, hemoconcen- 
tration, acid-base balance, venous carbon. dioxide content, and arterial and 
venous oxygen contents were made in these animals. During the by-pass 
period at reduced rates of blood flow, the recipients’ arterial ‘oxygen content 
rises and the venous oxygen content falls substantially, resulting in a consid- 
erable increase in the recipients’ coefficient of oxygen utilization. These 
changes are also associated with an acidosis of moderate degree. The implica- 
tions of these various observations are discussed. j 

7. In the 37 recipient dogs comprising those in which ventricular septal 
defects were made and closed, it was found that in the 23 dogs in whom the 
flow rate during the operative procedure was maintained at the azygos flow 
level (8 to 14 ¢./min./kg. body weight) or up to three times this level, the 
operative mortality was high (65 per cent) due to the frequent occurrence of 
ventricular fibrillation associated with an atonic myocardium. When the flow 
rate was maintained at from 3 to 514 times this azygos flow level, ventricular 
eardiotomy with creation and suture of a septal defect was well tolerated 
(72 per cent survivors). 

8. Thus, it was evident that the heart can satisfactorily withstand surgi- 
cal manipulation when provided with well-oxygenated arterial blood in vol- 
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umes much less than the normal basal cardiac output. The optimum level to 
which this flow may be reduced without sacrificing safety needs more precise 
definition. 

9. Controlled cross circulation was found to be a very safe procedure for 
the donors. The donors’ hazards were confined to easily preventable compli- 
cations such as blood incompatibility or air embolism due to faulty can- 
nulations. 
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DISCUSSION 


DR. E. CONVERSE PEIRCE II, Knoxville, Tenn.—I should like to congratulate Dr. 
Warden and the other members of his group on successful human application of cross 
circulation, and would like to show a short movie illustrating cross circulation applied to 
by-passing the left side of the heart to enable one to work on the mitral valve, This was 
worked on dogs by Dr. James Southworth and myself about three years ago. In this prep- 
aration we utilized a circulation that takes the blood from the recipient’s left pulmonary 
artery to the femoral veins on the donor and returns it from the femoral arteries to the 
left subelavian artery. 

(Film) The shunting tubes are in place and we are about to open the heart which 
will be relatively bloodless. This procedure is done without a pump. A pump is necessary 
in order to by-pass the entire heart, but not necessary to by-pass the left heart. One can 
see into the mouth of the auricle, you will shortly see the mitral valve. The valve leaflets 
are present here, and on slow motion you can see how they are pushed outward by blood 
collecting in the ventricle. During injection of a sclerosing material into the mitral valve, 
fibrillation occurs. Subsequently, we used fibrillation deliberately to still the heart. It is 
well tolerated under cross circulation, and it makes it much easier to work inside the heart. 

The heart has now been resutured and a single electric shock produces reversion, 
indicating that it was adequately oxygenated during the cross circulation despite fibrilla- 
tion of about 30 minutes. 


DR. C. WALTON LILLEHEIT, Minneapolis, Minn.—This method of controlled cross 
circulation developed in our experimental laboratory seemed to us to approach, in many as- 
pects, our goal of an ideal method for open intracardiac surgery, in that it was simple in con- 
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cept and application, remarkably safe,' inexpensive, widely applicable, and most important of 
all, allowed the surgeon prolonged time within the open heart in a relatively dry field. 

In the three clinical cases of closure of interventricular septal defects which I shall 
mention briefly today, we have been joined by our colleague at the University of Min- 
nesota, Dr. Richard L. Varco, who has been an early and enthusiastic advocate of the pos- 
sibilities of this method. 

(Slide) This diagram illustrates the method of linking together by plastic catheters 
of the donor and patient in the clinical cases, and is almost identical to that utilized in 
the experimental work. In all three of the clinical cases the donor venous catheter has 
been inserted through the saphenous vein with the tip positioned in the iliac vein or in- 
ferior vena cava. The arterial cannula of the donor has been put in through a small 
transverse nick in the superficial femoral artery with its multiple-holed tip positioned in 
the abdominal aorta, so that there will be no possibility of obstruction during perfusion 
by collapse of the vessel wal!. In the patient the venae cavae cannula is inserted from the 
neck by means of a short supraclavicular incision exposing the jugular vein. The tip of 
this catheter lies in the inferior vena cava, and holes cut along the shaft are positioned 
to lie in the superior vena cava. Thus this cannula draws blood from both caval systems 
during the cardiac by-pass. The patient’s arterial catheter is inserted through the right 
subclavian artery with the tip directed toward the aorta. The only vessel utilized in these 
_ cannulations which requires repair is the small nick in the donor’s superficial femoral 
artery which has been routinely repaired by a few stitches of 6-0 silk. 

The pump model utilized by us in all the dog and human patients is simple, efficient, 
and widely utilized in industry. The same pump covers the range from small dogs to 
adult human beings. The maximum plasma hemoglobin observed in the three clinical cases 
has been 12 mg. per cent. The entire system has only two controls: one is a speed changer 
which is set ahead of time by direct calibration at the rate desired; the other is a switch 
to turn the electric motor on and off. The blood in the extracorporeal circulation (volume 
about 100 ¢.c.) never leaves the short plastic tubes, so that very little heparin is needed. 
Postoperative bleeding, moreover, has not occurred in the clinical patients probably because 
fibrinogen and platelets are not removed from the blood by this method. Since the plastie tub- 
ing and catheters are disposable, sterility is not a problem. 

All these cases have been operated upon at normal body temperature. The azygos 

flow concept indicated to us that attempts to pump the full amounts of the so-called 
resting or basal cardiac output were completely unnecessary and actually detrimental for a 
number of reasons, of which one is that the coronary sinus blood loss will be greatly increased 
thereby. 
The problem of working within the heart having been thus solved, the next problem 
was technical in nature, viz., how best to close interventricular septal defects, Most of 
these defects lie in a characteristic position high in the septum in close juxtaposition to the 
aortic, tricuspid, and pulmonary valves. Careful study of fresh autopsy specimens over 
the past three to four years had demonstrated to us that even the largest interventricular 
septal defects could easily be closed without tension by sutures placed under direct vision 
with the heart emptied of blood. This method of closure by direct suture of the opposing 
edges has been successfully utilized in all three of our clinical cases. Despite reports to 
the contrary, we have found both experimentally and clinically that the conduction system 
of the heart has presented no problem in the placement of stitches in the ventricular 
septum as long as the temperature and oxygenation of the myocardium are normal. None 
of our patients’ hearts has fibrillated or shown any appreciable abnormality of rhythm 
before, during, or after by-pass. No drugs, other than digitalis, have been used. 

The exposure is through a long right ventricular cardiotomy. We have operated 
upon three patients, The first was a boy 1 year old, who had been in the hospital for the 
preceding 9 months because of continual cardiac failure and pneumonia. His ventricle 
was open for 124% minutes during closure of the defect. The operative procedure went 
very well; however, he died on the eleventh postoperative day because of a tracheobron- 
chitis and pneumonia. This was quite a disappointment, but we were convinced of the 
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soundness of the method. The next week we did the following two cases, both of which 
have been successful. In the second case we had some technical difficulties with exposure 
of the defect (which have since been solved) which required the ventricle to be open for 
24 minutes. This boy has convalesced satisfactorily in spite of some postoperative pneu- 
monia and the shunt is closed. This case illustrates graphically the reserve of time that 
the surgeon has at his disposal with this method. The third case, a 5-year-old girl, had 
the largest defect of all, but probably because of increased experience the operation went 
smoothly. Only ten minutes in the open heart was required to close the defect. The previous 
loud systolic murmur and thrill of the third patient was completely gone. 

Almost all blood relatives will have compatible blood, and in all these children we 
have had our choice of using either the mother or the father as the donor. None of the 
donors to date has experienced any untoward effects; they have all been discharged from 
the hospital 24 to 36 hours postperfusion with good arterial pulses in the utilized leg. 

Since the original presentation of this report, seven additional patients have had di- 
rect vision intracardiac procedures performed by this method. Four of these patients have 
had closure of ventricular septal defects, three successfully. The death occurred four days 
postoperatively in an infant with only one functioning lung. Two patients have had 
closure of an atrioventricularis communis. The first patient was a failure because of im- 
proper technique of closure; in the second patient complete closure has been successful. 
One patient has had direct vision resection of an isolated infundibular pulmonic stenosis 
performed successfully. None of these donors has suffered any ill effects. 


DR. JOHN H. GIBBON, Jr., Philadelphia, Pa—We are still convinced that it is 
preferable to perform operations involving an open cardiotomy by some procedure which 
does not involve another healthy person. There must be some risk to the donor in a 
cross circulation. 

(Slide) This is a photograph, taken at operation, of the opened right ventricle of a 
38-year-old man with an interventricular septal defect. While the heart was open, the 
cardiorespiratory functions were maintained by an extracorporeal blood cireuit for 26 
minutes while the defect was closed. 

(Slide) This shows the defect closed by four interrupted silk sutures. This man 
went through the operation very well, but he died five hours later. 

One year ago we closed a large interatrial septal defect through an open cardiotomy 
while the cardiorespiratory functions were maintained for 26 minutes by the extracor- 
poreal blood circuit. (Slide) This photograph of the 18-year-old girl was made three 
months later when she returned to the hospital for cardiac catheterization, which demon- 
strated that the defect was completely closed. The patient is perfectly well one year 
after the operation. There are no cardiac murmurs and her heart has decreased in size. I 
still believe that the ideal method of performing an open cardiotomy is the maintenance 
of the cardiorespiratory functions by an extracorporeal mechanical blood cireuit with the 
patient at normal body temperature. 


DR, A. L. LOCKWOOD, Toronto, Ontario.—In 1924, I pointed out that I thought 
anything was possible in thoracic surgery, given sufficient blood, proper diagnosis, and a 
select anesthesia. I still do not think we have more than scratched the surface of thoracic 
surgery, but I would like to point this out. You are not getting your great accomplish- 
ments over to practitioners throughout the country. I believe you should make a greater 
effort to get this work into all the journals, not only the JouRNAL or THORACIC SURGERY, but 
into the various state meetings and such places where medical men assemble, You should 
get over to these men the possibilities of chest surgery. Impress upon them the urgency 
of looking at each patient, especially the adult patient, from the chest point of view, and 
of taking thoracic roentgenograms of all adult patients. 
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THE AMERICAN ASSOCIATION FOR THORACIC SURGERY 


Notice of Annual Meeting 


The Thirty-fifth Annual Meeting of the American Association for Thoracic Surgery 
will be held April 24, 25, and 26, 1955, in Atlantic City, New Jersey. Headquarters will 
be at the Chalfonte-Haddon Hall. 


Requests for Hotel Reservations 


These should be mailed directly to Miss Doris Sears, Convention Manager, Chalfonte- 
Haddon Hall, Atlantic City, New Jersey. Please mention this Association, the type of 
accommodation desired, date and approximate hour of arrival. If accommodations are 
desired elsewhere in Atlantic City, please communicate directly with the hotel of your 
choice. 

Thoracic Surgical Forum 


By vote of the membership, the Forum is to be continued for the presentation of 
short papers on current thoracic research, experimental problems, anatomical studies and 
modified or new surgical techniques. The inclusion of any considerable amount of clinical 
material in these reports makes the choice more difficult and the Program Committee re- 
serves the right to reject such papers or to suggest their transferral to the regular program. 
Papers at this session will be limited sharply to ten minutes, including the showing of 
lantern slides or other illustrative material. At the discretion of the President, three 
minutes may be allowed as the maximum discussion for each paper. 

These papers will be published together in one issue in the JOURNAL OF THORACIC 
SurGeRY. Maximum length: 3,000 words without illustrations. If illustrated, an appro- 
priate number of words must be subtracted for each cut used. 


Abstracts for Papers 


Abstracts for the presentation of papers at the 1955 meeting, including papers before 
the Forum, must be received on or before Dec. 15, 1954; otherwise they will not be con- 
sidered by the Program Committee. 

Abstracts should be labeled ‘‘For Thoracic Surgical Forum,’’ or ‘‘For Regular Pro- 
gram.’’ 
Five, repeat, five copies of each abstract must be sent to the Secretary of the Associa- 
tion, Dr. Paul C. Samson, 3959 Happy Valley Road, Lafayette, California. They should not 
be sent to the Editor. 

The abstracts should contain from 200 to 250 words and accurately reflect the con- 
tents of the completed paper. 


Applications for Membership 


Applications for Associate Membership in the Association must be received by the 
Membership Committee not later than Dec. 15, 1954; otherwise, the applications will be 
deferred for consideration until 1956. 

Applicants must be sponsored by three Active or Senior members of the Association. 
In addition to the signatures on the application form, the sponsors must forward a sep- 
arate letter concerning the applicant directly to Dr. Lyman A, Brewer, III, Chairman of the 
Membership Committee, 2010 Wilshire Blvd., Los Angeles 5, Calif. 

Completed application forms and the sponsoring letters independently sent by the three 
sponsors must be received by Dr. Brewer not later than Dec. 15, 1954, to be considered for 
action in Atlantic City. 

Sponsors are reminded that new letters of recommendation must be forwarded to the 
Membership Committee should their applicants be held over for reconsideration a second year. 
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